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Important Notice 


Atmel guarantees that its circuits will be free from defects of 
material and workmanship under normal use and service, and that 
these circuits will perform to current specifications in accordance 
with, and subject to, the Company’s standard warranty which is 
detailed in Atmel’s Purchasing Order Acknowledgment. 


Atmel reserves the right to change devices or specifications 
detailed in this data book at any time without notice, and assumes 
no responsibility for any errors within this document. Atmel does 
not make any commitment to update this information. Atmel 
assumes no responsibility for the use of any circuits described in 
this data book, nor does the Company assume responsibility for 
the functioning of undescribed features or parameters. 


In the absence of a written agreement to the contrary, Atmel 
assumes no liability with respect to the use of semiconductor 
devices described in this data book for applications assistance, 
customers’ product design or infringement of patents or 
copyrights of third parties. 


Atmel’s products are not authorized for use as critical components 
in life support devices or systems and the use as such implies that 
user bears all risk of such use. 


If Atmel is an approved vendor on a Standard Military Drawing 
(SMD), the Atmel similar part number specification is compliant 
with the SMD. 


© Atmel Corporation, 1993 
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Atmel Overview 


Atmel Corporation designs, manufactures and markets 
high quality and high performance CMOS memory, logic 
and analog integrated circuits. Founded in 1984, the 
Company serves the manufacturers of computation, com- 
munications and instrumentation equipment in military 
and commercial environments. 


Atmel’s broad line of products provide customers with a 
variety of solutions to their memory applications. Atmel 
can offer high-density, high-speed memory and logic stan- 
dard products as well as custom gate arrays. 


Atmel guarantees quality and reliability by fabricating all 
products— no matter what their intended application— to 
meet or exceed the specifications of Military Standard 883. 


If you have any questions, please call your nearest Atmel 
representative or distributor as listed in the back of this 
data book, or contact Atmel’s corporate headquarters: 


Atmel Corporation 

2125 O’Nel Drive 

San Jose,CA 95131 
Phone: (408) 441-0311 
Facsimile: (408) 436-4200 


We thank you for considering Atmel semiconductors. 
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Alpha-Numeric Product Selection Guide and Index a 


CMOS Serial E7PROMs 


AT24C01 
AT24CO1A 
AT24C02 
AT24C02N 
AT24C04 
AT24C04N 
AT24C08 
AT24CO8N 
AT24C16 
AT24C16N 
AT24C164 
AT59C11 
ATS59C11W 
AT59C13 
ATS59C13W 
AT59C22 
ATS59C22W 
AT93C46 
AT93C46R 
AT93C46W 
AT93C56 
AT93C56W 
AT93C57 
AT93C57W 
AT93C66 
AT93C66W 


128x 8 

128x 8 

256 x 8 

256 x 8 

512x 8 

512x 8 

1024 x 8 
1024 x 8 
2048 x 16 
2048 x 16 
2048 x 8 

64x 16/128x 8 
64x 16/128x8 
256 x 16/512x 8 
256 x 16/512x 8 
128 x 16/256 x 8 
128 x 16/256 x 8 
64x 16/128x8 
64x 16/128x8 
64x 16/128x8 
128 x 16/256 x 8 
128 x 16/256 x 8 
128 x 16/256 x8 
128 x 16/256 x 8 
256 x 16/512x 8 
256 x 16/512 x 8 


2-Wire, 1K Serial E7PROM 
2-Wire, 1K Serial E7PROM 
2-Wire, 2K Serial E7PROM 
2-Wire, 2K Serial E7PROM 
2-Wire, 4K Serial E7PROM 
2-Wire, 4K Serial E7PROM 
2-Wire, 8K Serial E7PROM 
2-Wire, 8K Serial E7PROM 
2-Wire, 16K Serial E7PROM 
2-Wire, 16K Serial E7PROM 
2-Wire, 16K Serial E7PROM 
4-Wire, 1K Serial E7PROM 


4-Wire, 1K Serial E7PROM, EIAJ 


4-Wire, 4K Serial E7-PROM 


4-Wire, 4K Serial E7PROM, EIAJ 


4-Wire, 2K Serial E7PROM 


4-Wire, 2K Serial E7PROM, EIAJ 


3-Wire, 1K Serial E7PROM 


3-Wire, 1K Serial E*PROM, Rotated 
3-Wire, 1K Serial E7PROM, EIAJ 


3-Wire, 2K Serial E7PROM 


3-Wire, 2K Serial EPROM, EIAJ 


3-Wire, 2K Serial E7PROM 


3-Wire, 2K Serial E7PROM, ElAd 


3-Wire, 4K Serial E7PROM 


3-Wire, 4K Serial E7PROM, EIAd 
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CMOS Parallel E2PROMs 


AT28C010 128K x 8 1-Mbit E7PROM with 128-Byte Page 

AT28C010E 128K x 8 1-Mbit E7PROM with 128-Byte Page & Extended Endurance 
AT28C04 512x 8 4K E7PROM 

AT28C04E 512x 8 4K E2PROM with Extended Endurance 

AT28C04F 512x8 4K E?PROM with Fast Write 

AT28C1024 64K x 16 1-Mbit E7PROM 

AT28C16 2K x 8 16K E7PROM 

AT28C16E 2K x 8 16K EPROM with Extended Endurance 

AT28C16F 2K x 8 16K E2PROM with Fast Write 

AT28C17 2K x 8 16K E7PROM 

AT28C17E 2K x 8 16K E°PROM with Extended Endurance 

AT28C17F 2K x 8 16K E2PROM with Fast Write 

AT28C256 32K x 8 256K E2PROM with 64-Byte Page & Software Data Protection 
AT28C256E 32K x 8 256K E*PROM with Extended Endurance 

AT28C256F 32K x 8 256K E?PROM with Fast Write 

AT28C64 8K x 8 64K E7PROM 

AT28C64B 8K x 8 64K E27PROM with 64-Byte Page & Software Data Protection 
AT28C64E 8K x 8 64K E2PROM with Extended Endurance 

AT28C64F 8K x 8 64K E2PROM with Fast Write 

AT28C64X 8K x 8 64K E2PROM without Ready-Busy 

AT28HC256 32K x 8 High Speed 256K E*PROM with 64-Byte Page & Software Data Protection 
AT28HC256E 32K x 8 High Speed 256K E?PROM with Extended Endurance 
AT28HC256F 32K x 8 High Speed 256K E°PROM with Fast Write 

AT28HC256L 32K x 8 High Speed, Low Power 256K E7PROM 

AT28HC256LE 32K x 8 High Speed, Low Power 256K E?PROM with Extended Endurance 
AT28HC256LF 32K x 8 High Speed, Low Power 256K E?PROM with Fast Write 
AT28HC64 8K x 8 High Speed 64K E2PROM with 32-Byte Page 

AT28HC64E 8K x 8 High Speed 64K E?PROM with Extended Endurance 
AT28HC64L 8K x 8 High Speed, Low Power 64K EPROM 

AT28HC64LE 8K x 8 High Speed, Low Power 64K E?PROM with Extended Endurance 
AT28LV64 8K x 8 Low Voltage 64K E7PROM 

AT28MC020 256K x 8 2-Mbit E7PROM Module 

AT28MC040 512K x 8 4-Mbit E7PROM Module 

AT28PC64 8K x 8 64K E°PROM with 32-Byte Page Mode Write 

AT28PC64E 8K x 8 64K E7PROM with 32-Byte Page Mode Write with Extended Endurance 
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CMOS PEROMs (Flash) 


AT29C010 
AT29C040 
ATt29C256 
AT29C257 


AT29C512 

AT29LV010 
AT29LV040 
AT29LV256 
AT29LV512 


128K x 8 
512K x 8 
32K x 8 
32K x 8 
64K x 8 
128K x 8 
512K x 8 
32K x 8 
64K x 8 


CMOS EPROMs 


AT27C010 
AT27C010L 
AT27C040 
AT27C01024 
AT27C256R 
AT27C512R 
AT27HC1024 
AT27HC256R 
AT27LV010 
AT27LV040 
AT27LV1024 
AT27LV256R 
AT27LV512R 


CMOS PROMs 


128K x 8 
128K x 8 
512K x 8 
64K x 16 
32K x 8 
64K x 8 
64K x 16 
32K x 8 
128K x 8 
512K x 8 
64K x 16 
32K x 8 
64K x 8 


1-Mbit, 5-Volt Reprogrammable ROM 
4-Mbit, 5-Volt Reprogrammable ROM 
256K, 5-Volt Reprogrammable ROM 
256K, 5-Volt Reprogrammable ROM 
512K, 5-Volt Reprogrammable ROM 
1-Mbit, 3-Volt Reprogrammable ROM 
4-Mbit, 3-Volt Reprogrammable ROM 
256K, 3-Volt Reprogrammable ROM 
512K, 3-Volt Reprogrammable ROM 


1-Mbit EPROM 

Low Power 1-Mbit EPROM 
4-Mbit EPROM 

1-Mbit EPROM 

256K EPROM 

512K EPROM 

High-Speed 1-Mbit EPROM 
High-Speed 256K EPROM 
1-Mbit, 3-Volt EPROM 
4-Mbit, 3-Volt EPROM 
1-Mbit, 3-Volt EPROM 
256K, 3-Volt EPROM 
512K, 3-Volt EPROM 


AT27HC641R 
AT27HC642R 


AT28HC191 
AT28HC191L 
AT28HC291 
AT28HC291L 


High Speed 64K Reprogrammable [UV]PROM 
High Speed 64K Reprogrammable [UV]PROM 
High Speed 16K Reprogrammable [E7]PROM 
High Speed, Low Power 16K Reprogrammable [E7]PROM 
High Speed 16K Reprogrammable [E7]PROM 
High Speed, Low Power 16K Reprogrammable [E7]PROM 
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CMOS SRAMs 


AT3864L 64K SRAM 

AT3864L-15DMB 64K SRAM, Full Military Temperature 
AT38H256 256K SRAM 

AT38LV256 Low Voltage, 256K SRAM 


CMOS EPLDs 


PartNo | Package | Descrnfon | Page | 


AT18V8Z 8 FFs, 8 I/O Pins 

AT22LV10 10 FFs, 10 I/O Pins, Low Voltage 

AT22LV10L 10 FFs, 10 I/O Pins, Low Voltage & Low Power 
AT22V10 10 FFs, 10 I/O Pins 

AT22V10B 10 FFs, 10 I/O Pins, High Speed 

AT22V10L 10 FFs, 10 I/O Pins, Low Power 

ATV2500H 48 FFs, 24 I/O Pins 

ATV2500L 48 FFs, 24 I/O Pins, Low Power 

ATV2500LV 48 FFs, 24 I/O Pins, Low Voltage 
ATV2500LVL 48 FFs, 24 1/0 Pins, Low Voltage & Low Power 
ATV3000 56 FFs, 56 I/O Pins, High Throughput 


ATV3000L 56 FFs, 56 I/O Pins, High Throughput, Low Power 


ATV5000 128 FFs, 52 I/O Pins 

ATV5000L 128 FFs, 52 I/O Pins, Low Power 

ATV5100 128 FFs, 52 I/O Pins 

ATV5100L 128 FFs, 52 I/O Pins, Low Power 

ATV750 20 FFs, 10 I/O Pins 

ATV750L 20 FFs, 10 I/O Pins, Low Power 

ATV750LV 20 FFs, 10 I/O Pins, Low Voltage 

ATV750LVL 20 FFs, 10 I/O Pins, Low Voltage & Low Power 
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CMOS Gate Arrays 


PartNo | Gates | Deserintion | Pag No 


ATL4 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL7C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL10 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL10C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL15C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL20 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL20C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL35C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL40 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL55C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL60 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL75 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL75C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL100 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL130 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL160 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/14 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/25 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/35 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/60 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/90 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/140 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/200 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/250 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/300 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/425 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 


ATL80/550 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
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CMOS Logic 


AT40206 
AT40281 
AT40283 
AT40391B 
AT40392 


AT40493 
AT40495 
AT40498 
AT40957 
AT40958 
AT40959 
AT43216 


CMOS Smart Card ICs 


8 MHz 

16-40 MHz 
16-33 MHz 
25-40 MHz 
25-40 MHz 


25-50 MHz 
25-50 MHz 
25-50 MHz 
33-66 MHz 
33-66 MHz 
33-66 MHz 
40 MHz 


Integrated Peripheral Controller for PC/AT 

80386SX PC/AT Core Logic Controller, with Posted-Write Cache 
80386SX PC/AT Core Logic Controller 

80386DX PC/AT System & Cache Controller 

80386DX PC/AT Chip Set Memory Controller 


80486 PC/AT System & Cache Controller 
80486SX PC/AT System & Cache Controller 
80486 Core Logic Controller 

EISA/ISA PC/AT Integrated System Peripheral 
EISA/ISA PC/AT Bus Controller & Data Buffer 
EISA/ISA PC/AT DRAM & Cache Controller 
Single-Chip Fast SCSI Controller 


AT24C01 
AT24C02 
AT24C04 
AT24C08 
AT24C16 
AT88SCO06 


AT88SC54C 


AT88SC101 
AT88SC102 
AT88SC200 


AT93C046 
AT93C56 
AT93C57 
AT93C66 


RF ID ASICs 


1K 
2K 
4K 
8K 
16K 
104x 1 
16K x 8 


1024 x 1 
1024 x 1 
2048 x 1 
1K 
2K 
2K 
4K 


2-Wire, Serial E7PROM 
2-Wire, Serial E7PROM 
2-Wire, Serial E7PROM 
2-Wire, Serial E7PROM 
2-Wire, Serial E7PROM 
104-Bit Serial E7PROM with Security 


80C31 Microprocessor with 16K E?PROM with Public Key Math 
Coprocessor 


1K Serial E7PROM with Security, 1 Memory Zone, 1024 Bits 

1K Serial E7PROM with Security, 2 Memory Zones, 512 Bits Each 
2K Serial E7PROM with Gate Array 

2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

Analog, Digital, & Memory on Single-Chip ASIC 
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CMOS Mixed Signal 


AT76C10 4 kHz Programmable Phone Line Equalizer 
AT76C10E 4 kHz Programmable Phone Line Equalizer with On-Board E*PROM 


AT76C120 96 kHz Dual Channel 16/18-Bit A/D Converter 
AT76C176 66 MHz Triple 6-Bit Color Palette DAC 
AT76C176A 40-66 MHz Triple 6-Bit Color Palette DAC with Power-Down 


CMOS Microcontroller 


AT89C51 80C31 Microcontroller with 4K Bytes PEROM 
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CMOS Serial E2PROMs 
| PartNo. | Organization | Speeds | Description =| Pag No. 


AT24C01 128x 8 2-Wire, 1K Serial E7PROM 
AT24C01A 128x 8 2-Wire, 1K Serial E7PROM 
AT24C02 256x 8 2-Wire, 2K Serial E7PROM 
AT24C02N 256x 8 2-Wire, 2K Serial E7PROM 
AT24C04 512x8 2-Wire, 4K Serial E7PROM 
AT24CO04N 512x8 2-Wire, 4K Serial E*PROM 
AT24C08 1024 x 8 2-Wire, 8K Serial E7PROM 
AT24CO08N 1024 x 8 2-Wire, 8K Serial E7PROM 
AT24C16 2048 x 8 2-Wire, 16K Serial E7PROM 
AT24C16N 2048 x 8 2-Wire, 16K Serial E7PROM 
AT24C164 2048 x 8 2-Wire, 16K Serial E7PROM 
AT93C46 64x 16/128x 8 3-Wire, 1K Serial E*PROM 
AT93C46R 64x 16/128x 8 3-Wire, 1K Serial E*PROM, Rotated 
AT93C46W 64x 16/128x8 3-Wire, 1K Serial E7PROM, EIAJ 
AT93C56 128 x 16/256 x 8 3-Wire, 2K Serial E7PROM 
AT93C56W 128 x 16/256 x 8 3-Wire, 2K Serial E7PROM, EIAJ 
AT93C57 128 x 16/256 x 8 3-Wire, 2K Serial E7PROM 
AT93C57W 128 x 16/256 x8 3-Wire, 2K Serial E7PROM, EIAJ 
AT93C66 256 x 16/512x 8 3-Wire, 4K Serial E*PROM 
AT93C66W 256 x 16/512x 8 3-Wire, 4K Serial E7PROM, EIAJ 
AT59C11 64x 16/128x8 4-Wire, 1K Serial E7PROM 
AT59C11W 64x 16/128x8 4-Wire, 1K Serial E7PROM, EIAJ 
AT59C22 128 x 16/256 x 8 4-Wire, 2K Serial E7PROM 
AT59C22W 128 x 16/256 x 8 4-Wire, 2K Serial E7PROM, EIAJ 
AT59C13 256 x 16/512x 8 4-Wire, 4K Serial E7PROM 
AT59C13W 256 x 16/512x 8 4-Wire, 4K Serial E7PROM, EIAJ 
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Almet 


High-Speed CMOS Parallel E7PROMs 


AT28HC64 
AT28HC64E 
AT28HC64L 
AT28HC64LE 
AT28HC256 
AT28HC256E 
AT28HC256F 
AT28HC256L 
AT28HC256LE 
AT28HC256LF 


55-120 ns 
55-120 ns 
70-120 ns 
70-120 ns 
70-120 ns 
70-120 ns 
70-120 ns 
90-120 ns 
90-120 ns 
90-120 ns 


CMOS Parallel E7PROMs 


AT28C04 
AT28C04E 
AT28C04F 
AT28C16 
AT28C16E 
AT28C16F 
AT28C17 
AT28C17E 
AT28C17F 
AT28C64 
AT28C64E 
AT28C64F 
AT28C64X 
AT28LV64 
AT28C64B 
AT28PC64 
AT28PC64E 
AT28C256 
AT28C256E 
AT28C256F 
AT28C1024 
AT28C010 
AT28C010E 
AT28MC020 
AT28MC040 


512x 8 
512x 8 
512x 8 
2K x 8 
2K x 8 
2K x 8 
2K x 8 
2K x 8 
2K x 8 
8K x 8 
8K x 8 
8K x 8 
8K x 8 
8K x 8 
8K x 8 
8K x 8 
8K x 8 
32K x 8 
32K x 8 
32K x 8 
64K x 16 
128K x 8 
128K x 8 
256K x 8 
512K x 8 


150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-350 ns 
150-350 ns 
150-350 ns 
150-450 ns 
200-300 ns 
150-250 ns 
150-350 ns 
150-350 ns 
150-350 ns 
150-350 ns 
150-350 ns 
120-250 ns 
120-250 ns 
120-250 ns 
150-250 ns 
150-250 ns 


64K E°PROM with 32-Byte Page 

64K E2PROM with Extended Endurance 

Low Power 64K E7PROM 

Low Power 64K E°PROM with Extended Endurance 

256K E°PROM with 64-Byte Page & Software Data Protection 
256K E°PROM with Extended Endurance 

256K E*PROM with Fast Write 

Low Power 256K E7PROM 

Low Power 256K E°PROM with Extended Endurance 

Low Power 256K E°PROM with Fast Write 


4K E7PROM 

4K E?PROM with Extended Endurance 

4K E°PROM with Fast Write 

16K E°7PROM 

16K E°PROM with Extended Endurance 

16K E°PROM with Fast Write 

16K E7PROM 

16K E°PROM with Extended Endurance 

16K E°PROM with Fast Write 

64K E7PROM 

64K E°PROM with Extended Endurance 

64K E°PROM with Fast Write 

64K E°PROM without Ready-Busy 

Low Voltage 64K E7PROM 

64K E°PROM with 64-Byte Page & Software Data Protection 
64K E7PROM with Page Mode Write 

64K E°PROM with Page Mode Write & Extended Endurance 
256K E°PROM with 64-Byte Page & Software Data Protection 
256K EPROM with Extended Endurance 

256K E°PROM with Fast Write 

1-Mbit E7PROM 

1-Mbit E7PROM with 128-Byte Page 

1-Mbit E7PROM with 128-Byte Page & Extended Endurance 
2-Mbit E7PROM Module 

4-Mbit E7PROM Module 
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CMOS PEROMs (Flash) 


AT29C256 32K x 8 90-250 ns 256K, 5-Volt Reprogrammable ROM 
AT29LV256 32K x 8 200-250 ns 256K, 3-Volt Reprogrammable ROM 
AT29C257 32K x 8 90-250 ns 256K, 5-Volt Reprogrammable ROM 
AT29C512 64K x 8 90-200 ns 512K, 5-Volt Reprogrammable ROM 
AT29LV512 64K x 8 200-250 ns 512K, 3-Volt Reprogrammable ROM 
AT29C010 128K x 8 90-200 ns 1-Mbit, 5-Volt Reprogrammable ROM 
AT29LV010 128K x 8 200-250 ns 1-Mbit, 3-Volt Reprogrammable ROM 
AT29C040 512K x 8 120-250 ns 4-Mbit, 5-Volt Reprogrammable ROM 
AT29LV040 512K x 8 250 ns 4-Mbit, 3-Volt Reprogrammable ROM 


High-Speed CMOS EPROMs 


32K x 8 55-70 ns 
64K x 16 55-90 ns 


CMOS EPROMs 


AT27C256R 32K x 8 70-250 ns 256K EPROM 
AT27C512R 64K x 8 90-250 ns 512K EPROM 
AT27C1024 64K x 16 100-250 ns 1-Mbit EPROM 

AT27C010 128K x 8 100-250 ns 1-Mbit EPROM 
AT27C010L 128K x 8 100-250 ns Low Power 1-Mbit EPROM 
AT27C040 512K x 8 100-200 ns 4-Mbit EPROM 


AT27HC256R 
AT27HC1024 


256K EPROM 
1-Mbit EPROM 


Low Voltage CMOS EPROMs 


AT27LV256R 32K x 8 200-250 ns 256K 3-Volt EPROM 
AT27LV512R 64K x 8 200-250 ns 512K 3-Volt EPROM 


AT27LV1024 64K x 16 250-300 ns 1-Mbit, 3-Volt EPROM 
AT27LV010 128K x 8 250-300 ns 1-Mbit, 3-Volt EPROM 
AT27LV040 512K x 8 200-300 ns 4-Mbit, 3-Volt EPROM 


AIMEL 1-13 


Product Summary and Index (Continued) 


CMOS PROMs 


AT28HC191 
AT28HC191L 
AT28HC291 
AT28HC291L 
AT27HC641R 
AT27HC642R 


CMOS SRAMs 


AT3864L 
AT3864L-15DMB 
AT38H256 
AT38LV256 


CMOS EPLDs 


AT18V8Z 
AT22V10 
AT22V10L 
AT22LV10 
AT22LV10L 
AT22V10B 
ATV750 
ATV750L 
ATV750LV 
ATV750LVL 
ATV2500H 
AT2500LV 
AT2500LVL 
ATV2500L 
ATV5000 
ATVS5000L 
ATV5100 
ATV5100L 
ATV3000 
ATV3000L 


25-40 ns 
15-35 ns 
20-35 ns 
20-30 ns 
25-35 ns 
7.5-12 ns 
20-40 ns 
25-30 ns 
20-30 ns 
30-35 ns 
25-35 ns 
25-35 ns 
30-40 ns 
30-45 ns 
25-35 ns 
30-35 ns 
25-35 ns 
30-35 ns 
15-25 ns 
20-25 ns 


35-55 ns 
45-55 ns 
35-55 ns 
45-55 ns 
35-90 ns 
35-90 ns 


100-150 ns 


150 ns 
20-35 ns 


70-120 ns 


AImEt 


High Speed 16K Reprogrammable [E7]PROM 
High Speed, Low Power 16K Reprogrammable [E7]PROM 
High Speed 16K Reprogrammable [E2]PROM 
High Speed, Low Power 16K Reprogrammable [E7]PROM 
High Speed 64K Reprogrammable [UV]PROM 
High Speed 64K Reprogrammable [UV]JPROM 


64K SRAM 

64K SRAM, Full Military Temperature 
256K SRAM 

Low Voltage, 256K SRAM 


25-Pin Package, 8 FFs, 8 I/O Pins 

24-Pin Package, 10 FFs, 10 I/O Pins 

24-Pin Package, 10 FFs, 10 I/O Pins, Low Power 

24-Pin Package, 10 FFs, 10 I/O Pins, Low Voltage 

24-Pin Package, 10 FFs, 10 I/O Pins, Low Voltage & Low Power 
24-Pin Package, 10 FFs, 10 I/O Pins, High Speed 

24-Pin Package, 20 FFs, 10 I/O Pins 

24-Pin Package, 20 FFs, 10 I/O Pins, Low Power 

24-Pin Package, 20 FFs, 10 I/O Pins, Low Voltage 

24-Pin Package, 20 FFs, 10 I/O Pins, Low Voltage & Low Power 
40-Pin Package, 48 FFs, 24 I/O Pins 

40-Pin Package, 48 FFs, 24 I/O Pins, Low Voltage 

40-Pin Package, 48 FFs, 24 I/O Pins, Low Voltage & Low Power 
40-Pin Package, 48 FFs, 24 I/O Pins, Low Power 

68-Pin Package, 128 FFs, 52 I/O Pins 

68-Pin Package, 128 FFs, 52 I/O Pins, Low Power 

68-Pin Package, 128 FFs, 52 I/O Pins 

68-Pin Package, 128 FFs, 52 I/O Pins, Low Power 

68-Pin Package, 56 FFs, 56 I/O Pins, High Throughput 

68-Pin Package, 56 FFs, 56 I/O Pins, High Throughput, Low Power 
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CMOS Gate Arrays | 


ATL4 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL10 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL20 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL40 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL60 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL75 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL100 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL130 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL160 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL7C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL10C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL15C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL20C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL35C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL55C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL75C 1.0-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/14 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/25 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/35 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/60 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/90 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/140 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/200 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/250 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/300 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/422 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
ATL80/580 0.8-Micron CMOS Gate Array, 3.3-Volt & 5.0-Volt Operation 
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CMOS Logic 


Paro | Speeds | Descrpfon | Pag No 


AT40206 
AT40281 
AT40283 
AT40391B 
AT40392 


AT40493 
AT40495 
AT40498 
AT40957 
AT40958 
AT40959 
AT43216 


CMOS Smart Card ICs 


AT24C01 
AT24C02 
AT24C04 
AT24C08 
AT24C16 
AT93C46 
AT93C56 


AT93C57 
AT93C66 
AT88SC06 
AT88SC101 
AT88SC102 
AT88SC200 
AT88SC54C 


RF ID ASICs 


1-16 


8 MHZ 

16-40 MHz 
16-33 MHz 
25-40 MHz 
25-50 MHz 


25-50 MHz 
25-50 MHZ 
25-50 MHz 
33-66 MHz 
33-66 MHz 
33-66 MHz 
40 MHz 


1K 
2K 
4K 
8K 


1K 
2K 
2K 
4K 
104 x 1 
1024 x 1 
1024 x 1 
2048 x 1 
16K x 8 


Integrated Peripheral Controller for PC/AT 

80386SX PC/AT Core Logic Controller, with Posted-Write Cache 
80386SX PC/AT Core Logic Controller 

80386DX PC/AT System & Cache Controller 

80386DX PC/AT Memory Controller 


80486 PC/AT System & Cache Controller 
80486SX PC/AT System & Cache Controller 
80486 Core Logic Controller 

EISA/ISA PC/AT Integrated System Peripheral 
EISA/ISA PC/AT Bus Controller & Data Buffer 
EISA/ISA PC/AT DRAM & Cache Controller 
Single-Chip Fast SCSI Controller 


2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

2-Wire, Serial E7PROM 

104-Bit Serial E7PROM with Security 

1K Serial E7PROM with Security, 1 Memory Zone, 1024 Bits 
1K Serial E7PROM with Security, 2 Memory Zones, 512 Bits Each 
2K Serial E7PROM with Gate Array 


80C31 Microprocessor with 16K EPROM with Public Key Math 
Coprocessor 


Analog, Digital, & Memory on Single-Chip ASIC 
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CMOS Mixed Signal 


AT76C10 4 kHz Programmable Phone Line Equalizer 
AT76C10E 4 kHz Programmable Phone Line Equalizer with On-Board EPROM 


AT76C176 40-66 MHz Triple 6-Bit Color Palette DAC 
AT76C176A 50-135 MHz Triple 6-Bit Color Palette DAC with Power-Down 
AT76C120 96 kHz Dual Channel 16/18-Bit A/D Converter 


CMOS Microcontroller 


80C31 Microcontroller with 4K Bytes PEROM 


AIMEL 147 


1-18 


CMOS E°PROM 


CMOS Serial E7PROM Product Selection Guide 


AT24C01 


Organization: 128 x 8 
No. of Pins: DIP 8, 
SOIC 8 


AT24CO1A 


Organization: 128x 8 
No. of Pins: DIP 8, 
SOIC 8 


Speed | Voltage 
(ms) 
10 1.8 
10 1.8 


see page 2-3 


Package Temperature IsB Icc f{MAX 
P S W Range (LA) (A) (kHz) 
C 3.0 
| 3.0 


—-ONO—-9O—-0 


see page 2-13 


Package Temperature IsB ice 
P Ss WwW Range (1A) (yA) 
C 3.0 
| 3.0 


Package Type 


| P| 8P3, 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


Temperature Range 


| © — | Commercial (0°C to 70°C) 


Industrial (-40°C to 85°C) 


Voltage Range 


| 1.8 | Low Voltage (1.8 V to 6.0 V) 


Low Voltage (2.7 V to 6.0 V) 


—s_ 
Ww 
Cc 
(25 | Low Vottage(25Vi060V)—SsSC*C=“~*~“‘~*~“‘~*~*S*S*S*SC<CS~S 
ps0 


Standard Device (4.5 V to 6.0 V) 


AIMEL 


CMOS Serial E2PROM Product Selection Guide 


AT24C02 see page 2-13 


Organization: 256 x 8 Speed | Voltage | Package | Temperature IsB lec fMAX 
No. of Pins: DIP 8, (ms) P S2 W — “ (1A) (KHz) 
SOIC 14 
10 1.8 
10 1.8 


AT24C0O2N see page 2-13 


Organization: 256 x 8 Voltage | Package | Temperature IsB Icc 
No. of Pins: SOIC8 Ete S1 meee — (A) 


Package Type 
8P3, 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


| $2 | 14S, 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 


Temperature Range 


Commercial (0°C to 70°C) 


| | Industrial (-40°C to 85°C) 


Voltage Range 


[48 [ towvonageisVios0W)OSC~“*‘“*S“‘“~S*S*~“~‘“~*S*S*S*~“‘~“~C<SCS 
(25 | towvotage25Vio60v) SSOSC—~—~SCSCS 
[50 | StandardDevice(45V060V)—SSSSSCSC~—~—SC—“—S~—~—C—SsSCSSSS 
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CMOS E°PROM 


CMOS Serial E2PROM Product Selection Guide 


AT24C04 see page 2-13 


Organization: 512 x 8 Speed | Voltage | Package Temperature isB icc 
No. of Pins: DIP 8, (ms) P s2 W Range (uA) (A) 
SOIC 14 
10 s C 3.0 
: | 3.0 


AT24C04N see page 2-13 


Organization: 512 x 8 
No. of Pins: SOIC8 


Package Type 
8P3, 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 

8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 
14S, 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 


Temperature Range 
Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 


-P 


Voltage Range 


Low Voltage (1.8 V to 6.0 V 


0 V) 
Low Voltage (2.5 V to 6.0 V) 
0 V) 


2.7 Low Voltage (2.7 V to 6.0 V 
Standard Device (4.5 V to 6.0 V) 


1-21 


AIMEL 


CMOS Serial E2PROM Product Selection Guide 


AT24C08 see page 2-13 


Organization: 1024 x 8 Voltage | Package | Temperature IsB lec 
No. of Pins: DIP 8, 9) P s2 W nase “ (A) 
SOIC 14 


AT24CO8N see page 2-13 


Organization: 1024 x 8 Voltage | Package Temperature IsB loc {MAX 
No. of Pins: SOIC8 9) S1 — = (1A) (kHz) 


Package Type 
8P3, 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


| $1 | 8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


14S, 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 


Temperature Range 


Industrial (-40°C to 85°C) 


| © | Commercial (0°C to 70°C) 


Voltage Range 


[48 [LowvotageeViosOWSOSCS~“~*~*~“~SC“S~SCS“~“~S~SCS~=~S 
[25 | LowVotage(25V060V)—SOC~=“*“*“‘—*S*S*S*S*SC“<*~S*~“‘“~S~<=~S*S 
[50 | Standard Device (45V060V)——SSSCSC~—“~S~—“—S~“~—sS~—“—S—S—S 


1-22 CMOS E°PROM Sa RNAS RE BIO i OLY Co ae Se 


CMOS E?PROM 


CMOS Serial E7PROM Product Selection Guide i 
1 


AT24C1 6 see page 2-13 


Organization: 2048 x 8 Speed | Voltage | Package Taveberatie IsB Icc 
No. of Pins: DIP 8, (ms) P S2 W nanee ee (A) 
SOIC 14 
10 1.8 


AT24C16N see page 2-13 


Organization: 2048 x 8 Voltage | Package Temperature IsB Icc 
No. of Pins: SOIC8 7 S1 ee on (A) 


Package Type 
8P3, 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 
14S, 14 Lead, 0.150" Wide, Plastic Gull Wing Smail Outline (SOIC) 


Temperature Range 


Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 


Voltage Range 


AIMEL = 


AIMEL 


CMOS Serial E7PROM Product Selection Guide 


AT24C164 see page 2-27 


Organization: 2048 x 8 Speed | Voltage | Package | Temperature IsB Icc fMAX 
No. of Pins: DIP 8, (ms) p S1 Range (A) (A) (kHz) 
SOIC 8 
10 1.8 C a0 
10 1.8 | 3.0 


Package Type 


| P| 8P3,8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
| $1 | 8S1,8Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


Temperature Range 


Fe | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


[48 | Low Volage(ievwe0y)SOSOSC~=~“~“*S*S*“~S*S*S~“—~S~S~‘“—s~Ss~CSSS 
[25 | LowVolage(25V060V)SOOSC=“~*~*~*~*“‘~*S*S*S*~“—*~*~*~“‘~S*sS~Ss~S~S 
[5.0 | Standard Device @5VO60V)SSOSOSC~“—SC“CSCSC“*~“‘S*~*S 


1-24 CMOS E°PROM mer aie ee ee a er eS ee ey 


CMOS E?PROM 


CMOS Serial E°PROM Product Selection Guide 


AT93C46 see page 2-37 


Organization: 64 x 16 or Voltage enact Temperature IsB Icc 
128 x 8 parm P S1 renee a oS 
i DIP 8, 


No. of Pins: 


SOIC 8 


AT93C46R (Rotated) see page 2-37 


Organization: 64 x 16 or Speed | Voltage| Package | Temperature IsB Icc 
. 128 x 8 (ms) S1 rene ee “ 


No. of Pins: SOIC8 


Package Type 
8P3, 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


| $1 | 8S1,8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


Temperature Range 


Commercial (0°C to 70°C) 


J ce 
| 1 | Industrial (-40°C to 85°C) 
| M 


Military (-55°C to 125°C) 


Voltage Range 


| 1.8 | Low Voltage (1.8 V to 5.5 V) 
a Low Voltage (2.5 V to 5.5 V) 


Low Voltage (2.7 V to 5.5 V) 
Standard Device (4.5 V to 5.5 V) 


AIMEL 1 


AIMEL 


CMOS Serial E2PROM Product Selection Guide 


AT93C46W see page 2-37 


Organization: 64 x 16 or Speed |Voltage| Package Temperature IsB 
128 x 8 (ms) $2 Range (A) 
No. of Pins: SOIC8 
10 1.8 Cc 0.1 
10 1.8 | 0.1 


Package Type 


8S2, 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Temperature Range 
| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


Military (-55°C to 125°C) 


48 | lowVotage(ieVeSSY)~S~*~“‘CSCS*S*S*~“‘CSNCNCN#CSCS“‘SNSNNN 
[25 | LowVotage(25V055V)——SOSC~=“*‘“*S*S*S*S*“~*“S*“‘“*S*S*SCSCS~S 
[5.0 | Standard Device (45VI055V)—~—OSC~=“‘*‘“‘*“‘*‘“~*S*S*SC“~*~<“<CS*S*SCS 


1-26 CMOS E2PROM cummmmmmmmnnnnnnnnnnemees 


CMOS E?PROM 


CMOS Serial E7PROM Product Selection Guide 


AT93C56 see page 2-37 


Organization: 128 x 16 or peed /Voltage eras Temperature IsB Icc 
256 x 8 os P S1 — “ _ 
ins: DIP 8, 


No. of Pins: 


SOIC 8 


AT93C56W see page 2-37 


Organization: 128 x 16 or Voltage | Package Temperature IsB Icc {MAX 
256 x 8 say S2 renee “ “ (kHz) 
ins: SOIC8 


No. of Pins: 


Package Type 
8P3, 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


| §2 | 8S2,8Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Temperature Range 
| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 
| M_ | Military (-55°C to 125°C) 
Voltage Range 


48 | lowVotage(ieVeS5Y—~“‘“‘SCS*S*™*™*S™*S™SCSCSCSCSCSCSC~“~“~C~C~S*~*S 
(25 | Lowvotage25Vi0s5v)—~=SOS*~=“*‘“‘“S*S*S*S*S*SCSCSCSCSCSCSCSCSCSCSCSCSCSCS~S 
[5.0 | Standard Device (45Vt055V)SSSCSC~—“—SCSCSCSC“‘“~*~‘~*~*~S 


1-27 


AT93C57 see page 2-37 


Organization: 128 x 16 or peed | Voltage —— Temperature IsB Icc {MAX 
256 x 8 pee P S1 — (uA) ” (kHz) 
No. of Pins: DIP 8, 


SOIC 8 


AT93C57W see page 2-37 


Organization: 128 x 16 or Voltage | Package Temperature IsB Icc {MAX 
256 x 8 a S2 Rene “ (uA) (kHz) 
No. of Pins: SOIC 8 


Package Type 
8P3, 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


| $1 | 881, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


8S2, 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Temperature Range 
Commercial (0°C to 70°C) 


| 1 | Industrial (-40°C to 85°C) 
| M | 


Military (-55°C to 125°C) 


Voltage Range 


48 _| lowVotagesvess~S~S*~*~“‘“‘S*S*S*S*SCSCSCSCSCSCSCSSSS 
(25 | towvotage25Vi0S5v)—~=S*~<“*‘“*~*~‘“‘~*“~*~*“‘“‘~“~*~“<SCS 
[5.0 | Standard Device (45Vt055V)—SSOSCSC~S~“~*~S*~“~*S*S*S*~‘~‘“—~SSS 


1-28 CMOS E PROM El SFE: 6 eS Se aa a aaa aM 


CMOS E“PROM 


CMOS Serial E2PROM Product Selection Guide 


AT93C66 see page 2-37 


Organization: 258 x 16 or Speed | Voltage| Package Temperature isB I 
512x8 (ms) P Si W Range (uA) (u 
10 1.8 C 0.1 
| . 


No. of Pins: DIP 8, 


. & 6: 

A) 

SOIC 8 40 
40 


AT93C66W see page 2-37 


Organization: 258 x 16 or Speed | Voltage | Package | Temperature IsB Icc 
512x8 (ms) $2 Range (A) (uA) 
10 1.8 C 0.1 40 
10 : | 0.1 


No. of Pins: SOIC8 


Package Type 
8P3, 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


| $1 | 8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


8S2, 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Temperature Range 


| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


M Military (-55°C to 125°C) 


Voltage Range 


[48 | lowVotage(teVeSSYOCSC~C“~SCSCSCSCSCSCSCS 
[25 | lowVotage(@5Vi055V)SSOSCS~“~*~“~*~*~*~*~“‘—*~*S*S*S*S~“~s~S~S~S~S~SS 
[50 | Standard Device @SVO5SV)SSOSCSC~“S~“S~“~S~—S~S 


AIMEL 129 


ATMEL 


CMOS Serial E2PROM Product Selection Guide 


AT59C1 1 see page 2-51 


Organization: 64 x 16 or Voltage — Temperature IsB loc {MAX 
128x8 oo) mee a oe (kHz) 


No. of Pins: DIP 8 


AT59C11W see page 2-51 


Organization: 64 x 16 or Voltage | Package Temperature IsB Icc {MAX 
. 128 x 8 sy $2 — ~ ” (kHz) 


No. of Pins: SOIC8 


Package Type 


| P| 8P3,8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


8S2, 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 
Temperature Range 


Commercial (0°C to 70°C) 


| 1 | Industrial (-40°C to 85°C) 


Voltage Range 


48 | lowVotage(ievessySSOSCSC~—~—“CSSCSCSCSCSC“CSCS~S 
[25 | lowVotage(@25V055V)—=SOSOSC~=“*‘“‘*~“~*~S*S*S*S*S*S*S*S~“‘~*~*~“‘~S~S~S~S 
[80 | Standard Device @5Vi055V)SSCSC~—SC“—S~“—~S*~“—~S~S~S~S~S~S 


1-30 CMOS E°PROM cnmmmmniteeenpeees 


CMOS E?PROM 


CMOS Serial E7PROM Product Selection Guide a 


AT59C22 see page 2-51 


Organization: 128 x 16 or Voltage — Temperature isB Icc 
| 256 x 8 yy wee 


No. of Pins: DIP 8 


AT59C22W see page 2-51 


Organization: 128 x 16 or Voltage | Package | Temperature IsB Icc 
| 256 x 8 gia $2 ee a oe 


No. of Pins: SOIC8 


Package Type 


| P| 8P3,8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


8S2, 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Temperature Range 


Commercial (0°C to 70°C) 


| 1 | Industrial (-40°C to 85°C) 


Voltage Range 


48 | lowVotage(ieVeSSYOSOSOSCS~—“SCSCSCSCSSCSCSCSCSCS 
[25 | LowVotage(@25V055V)SSSOSC~C“~“~“S*~*~*~—“—“—“—S~S*~“~“—~SsSsSsS~—~SSS 
[5.0 | Standard Devico45Vi0S5V)—SOSC~C~“~“~*~“—*~S*S*S*S~“~“~S*S*S*“s~S*S*s~“~=~S~*~*S*~*™ 


AIMEL 131 


CMOS Serial E7PROM Product Selection Guide 


AT59C1 3 see page 2-51 


Organization: 256 x 16 or Speed | Voltage | Package Temperature IsB Icc 
512x8 (ms) P Range (yA) (A) 
No. of Pins: DIP 8 
10 1.8 C 0.1 40 
10 1.8 | 0.1 40 


AT59C13W see page 2-51 


Organization: 256 x 16 or Speed | Voltage | Package | Temperature IsB lec 
512x 8 $2 Range (A) (LA) 
No. of Pins: SOIC 8 
1.8 C 0.1 
| 


Package Type 
8P3, 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
8S2, 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Temperature Range 


Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 


Voltage Range 


Low Voltage (1.8 V to 5.5 V) 


Low Voltage (2.5 V to 5.5 V) 
; 5 V) 


2.7 Low Voltage (2.7 Vto5.5V 


Standard Device (4.5 V to 5.5 V) 


1-32 CMOS E°PROM samme 


CMOS E?PROM 


CMOS Parallel E7PROM Product Selection Guide 


AT28C04 see page 2-63 


Organization: 512 x 8 Speed Package | Temperature Icc (mA) 
No. of Pins: DIP 24, (ns) D P W Range Active Standby 
LCC 32 C 


~ ~~ “ 


mmmmmmmmm 
aie eos ee ee Re a 


Be 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms 
High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 us 


AIMEL 1-33 


AIMEL 


CMOS Parallel E*PROM Product Selection Guide 


AT28C1 6 see page 2-71 


Organization: 2K x 8 Package Temperature Icc (mA) 
No. of Pins: DIP 28, D J LP S W Range Active Standby 
LCC 32, 


SOIC 24 


AT28HC1 6 - Not recommended for new designs. Use AT28HC191 or AT28HC291. 


~ 


mmmmmmmmm 
TDU.maA AAD nN Nn 


AT28HC1 6L  - Not recommended for new designs. Use AT28HC191 or AT28HC291. 


Package Type 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


L 32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


| S| 24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


| Blank | Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms 
| eg | High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 us 


Fast Write Option: Write Time = 200 us 


1-34 CMOS E*PROM smmmmeneee 


CMOS E“PROM 


CMOS Parallel E°PROM Product Selection Guide 


AT28C1 vf see page 2-81 


Organization: 2K x 8 Icc (mA) 


No. of Pins: DIP 28, Active Standby 
LCC 32, 


SOIC 24 


- “ 


~~ ~~ = 


mmmmmmmmm 
mama. H7TT 


Package Type 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


J 32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
L 32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


Die 
Temperature Range 


Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


| =. High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 us 
| oF Fast Write Option: Write Time = 200 us 


1-35 


Organization: 8K x 8 Package Temperture Icc (MA) 
No. of Pins: DIP 28, sae F J LPS T W Range Active Standby 
LCC 32, 


SOIC 28, 


TSOP 28 


- - ~~ “ 


“ ~~ - ~~ ~ ~~ 


mmmmmmmmmmmommnm 
TDUMANNADNDADA NAD NNN 


SMD Number for AT28C64 


5962-87514 17 
5962-87514 16 
5962-87514 15 
5962-87514 14 
5962-87514 13 


28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 

32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 

28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 

28S, 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 

28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature Range 


Commercial (0°C to 70°C) 


Industria! (-40°C to 85°C) 
M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


| Blank | Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms 


High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 us 


Fast Write Option: Write Time = 200 pus 


1-36 CMOS EPROM cumesmmeenersesmecn eee, 


CMOS E?PROM 


CMOS Parallel E2PROM Product Selection Guide 


AT28C64X see page 2-91 


Organization: 8K x 8 Package Temperature Icc (MA) 
No. of Pins: DIP 28, J bL P S Range Active Standby 
LCC 32, 


SOIC 28 


SMD Number for AT28C64X 


5962-87514 22 
5962-87514 21 
5962-87514 20 
5962-87514 19 
5962-87514 18 


Package Type 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


| oF 28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
28S, 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


Temperature Range 


Commercial (0°C to 70°C) 
roo | Industrial (-40°C to 85°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-37 


AIMEL 


CMOS Parallel E*PROM Product Selection Guide 


AT28HC64 see page 2-103 


Organization: 8K x 8 

No. of Pins: DIP 28, 
LCC 32, 
TSOP 28 


Icc (MA) 
Active Standby 


noannnnnnnnlf 


|  D | 28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
[P| 28P6, 28 Lead, 0.600" Wide, Plastic Dual inline Package (PDIP) 
) 


28T, 28 Lead, Plastic Thin Small Outline Package (TSOP 


Temperature Range 
| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


| Blank | Standard Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


High Endurance Option: Endurance = 100K Write Cycles 
2 


CMOS E“PROM 


CMOS Parallel E°PROM Product Selection Guide 


AT28HC64L see page 2-103 


Organization: 8K x 8 Package Temperature Icc (mA) 
No. of Pins: DIP 28, J LP W Range Active Standby 
LCC 32 C 


mmmmmmmm 


SMD Number for AT28HC64L 


5962-87514 12 
5962-87514 11 
5962-87514 10 


Package Type 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


Temperature Range 


Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 


Standard Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


High Endurance Option: Endurance = 100K Write Cycles 


1-39 


AIMEL 


CMOS Parallel E27PROM Product Selection Guide 


AT28 L_V64 see page 2-115 


Organization: 8K x 8 Operating Package Temperature Icc (mA) 
No. of Pins: DIP 28, Voltage Range | J Range Active Standby 
LCC 32, 


P S T 
SOIC 28, 3.0 V to 3.6 V C 8 
TSOP 28 3.0Vto3.6V | 
2.7Vto3.6V C 
2.7Vto3.6V l 


[P| 26P6, 26 Lead, 0.600" Wide, Plastic Dual nine Package (PDIP) SSS 
[—s _| 268, 28 Lead, 0.300” Wide, Pastic Gull Wing Small Outine (SOIC) SSCS 


Temperature Range 
| © — | Commercial (0°C to 70°C) 


Industrial (-40°C to 85°C) 


1-40 CMOS E2PROM cqummmmnnnnnnnees 


CMOS E“PROM 


CMOS Parallel E°PROM Product Selection Guide 


AT28C64B see page 2-123 


Organization: 8K x 8 Icc (mA) 

No. of Pins: DIP 28, Active Standby 
LCC 32, 
SOIC 28, 


TSOP 28, 


PGA 28 


Package Type 
28D6, 28 Lead, 0.600" Wide, Non-Windowed Ceramic Dual Inline Package (Cerdip) 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


| P| 28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
| S| 28S, 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


[€[ Commencia (OCW) SSCSC—“~S*S*~“~*S*S*S~S~“~S~S~SSS 
[1 [industrial (40°C 085°) —SCSC~“*“‘*~*“‘“‘*S*S*S*S*“‘“~“~*~“‘“‘“‘~*SSS 
Mise 


1-41 


AIMEL 


CMOS Parallel E7PROM Product Selection Guide 


AT28P C64 see page 2-135 


Organization: 8K x 8 Speed Package Temperature Icoc (mA) 
No. of Pins: DIP 28, (ns) D J LP eT W Range Active Standby 
LCC 32, 
C 
| 


TSOP 28 


mmmmmmmmmmm 


SMD Number for AT28PC64 


5962-87514 09 
5962-87514 08 
5962-87514 07 
5962-87514 06 


Package Type 
| D | 28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
| P| 28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 
Ww 


Temperature Range 
| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


| Blank | Standard Device: Endurance = 10K Write Cycles; Write Time = 2 ms 
| | High Endurance Option: Endurance = 100K Write Cycles 


1-42 CMOS E7PROM cmmmmmmmmmnnnnnnnnnnnnnnnnnnnnmnsnnmeenees 


CMOS E?PROM 


CMOS Parallel E7PROM Product Selection Guide 


AT28C256 see page 2-147 


Organization: 32K x 8 Package Icc (mA) 

No. of Pins: DIP 28, L P Active Standby 
LCC 32, 
TSOP 28 


E:F 
Ef 
Ss 
ar 
E, F 
a F 
ns 
EF 
or 
=F 
&.F 


SMD Number for AT28C256 


5962-88525 06 
5962-88525 07 
5962-88525 04 
5962-88525 03 
5962-88525 05 
5962-88525 02 
5962-88525 01 


Package Type 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
| F | 28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
| od 32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 

28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


Temperature Range 


Le Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


| Blank | Standard Device: Endurance = 10K Write Cycles; Write Time = 2 ms 
| E | High Endurance Option: Endurance = 100K Write Cycles 
| | Fast Write Option: Write Time = 3ms 


AIMEL is 


AIMEL 


CMOS Parallel E7PROM Product Selection Guide 


AT28HC256 see page 2-159 


Organization: 32K x 8 Icc (MA) 

No. of Pins: DIP 28, Active Standby 
LCC 32, 
TSOP 28, 
PGA 28 


mmmmmmmm 
mamma 74T 


SMD Number for AT28HC256 


5962-88634 03 
5962-88634 04 


Package Type 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


| oF 28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


Temperature Range 


Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 
MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 
High Endurance Option: Endurance = 100K Write Cycles 
Fast Write Option: Write Time = 3 ms 


1-44 CMOS E°PROM RDA RD SRO AR ee ee A i Ti A Se a 


CMOS E“?PROM 


CMOS Parallel E7PROM Product Selection Guide 


AT28HC256L 


Organization: 32K x 8 
No. of Pins: DIP 28, 
LCC 32, 


see page 2-159 


Speed Package Temperature Icc (mA) 
Range Active Standby 
80 0.3 


D F J L P U WW 
C 
| 
C 
| 
M/883 
SMD Number for AT28HC256L 


5962-88634 01 120 M/883 80 0.3 
5962-88634 02 120 M/883 F 80 0.3 


Package Type 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


0 

| _F | 28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) | 
[P| 28P6, 26 Lead, 0.600" Wide, Plastic Dual nine Package (PDIP) 
| =U | 28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


Temperature Range 


| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 
M/883 | MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C 


Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


| Ei High Endurance Option: Endurance = 100K Write Cycles 
| oF | Fast Write Option: Write Time = 3 ms 


AIMEL tap 


AIMEL 


CMOS Parallel E7PROM Product Selection Guide 


AT28C1 024 see page 2-173 


Organization: 64K x 16 Icc (MA) 
No. of Pins: DIP 40, Active Standby 
LCC 44 


|B | 408, 40 Lead, 0.600" Wide, Ceramic Side Braze Dual Inline (Side Brazey 
44L, 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 

pO ee 
[C_| Commercial (Cw SOSC“~SCSCSC“‘“S*S*SCS 
|| Industrial (40°C to 85°C) 
| =M | Military (-55°C to 125°C) 

MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-46 CMOS E°PROM smmmmsenieeeee 


CMOS E*PROM 


CMOS Parallel E*PROM Product Selection Guide 


AT28C010 see page 2-183 


Organization: 128K x 8 Speed Package Temperature Icc (mA) 
No. of Pins: DIP 32, (ns) B F L U V W Range Active Standby 
LCC 44 
C 
| ; 


mmmmmmmmomm mmm mm mm 


SMD Number for AT28C010 


5962-38267 07 M 
5962-38267 05 M 
5962-38267 03 M 
5962-38267 01 M 


Package Type 
32B, 32 Lead, 0.600" Wide Ceramic Side Braze Dual Inline (Side Braze) 
32F, 32 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
44L, 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
30U, 30 Pin, Ceramic Pin Grid Array (PGA) 
Tape Automated Bond (TAB) Carrier 


Temperature Range 


Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 
Military (-55°C to 125°C) 


Standard Device: Endurance = 10K Write Cycles; Write Time = 2 ms 
High Endurance Option: Endurance = 100K Write Cycles 


AIMEL 47 


MEL 


CMOS Parallel E°PROM Product Selection Guide 


AT28MC010 - Not recommended for new designs. Use AT28C010 


AT28MC020 see page 2-195 


Organization: 256K x 8 Speed Package | Temperature Icc (mA) 
No. of Pins: DIP 32 (ns) Z Range Active Standby 


32Z, 32 Lead, Non-Windowed, Ceramic Dual Inline 32D6 Compatible Multi-Chip Module (MCM) 


Temperature Range 
Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 


ie 
be od 
| M_ | Military (-55°C to 125°C) 
_ MB 


Screened IAW M5004, MIL-STD-883C, Class B Components (-55°C to 125°C) 


1-48 CMOS E°PROM eee ESE OS RS EL Te, ia Sea Se 


CMOS E°PROM 


CMOS Parallel E7PROM Product Selection Guide es 
1 


AT28MC040 see page 2-205 


Organization: 512K x 8 Package 
No. of Pins: DIP 32 ) xl2) 


Package Type 
| MO 32M2, 32 Lead, Non-Windowed, Ceramic Dual Inline 32D6 Compatible Flatpack Module (Module) 
| Z| 32Z,32 Lead, Non-Windowed, Ceramic Dual Inline 32D6 Compatible Multi-Chip Module (MCM) 


1 F industria (40°C 085°C) —OSC“‘“‘*S*S*S*S*SC‘“‘*‘“‘*SCSCSCSCSCSCSC“‘CS*SSS 
Mw | wiltary (SSC 125) OSOSC—C—sSC“‘s~“‘“‘“*s*s“‘“‘“s*S*S 


Notes: 1. Device package and temperature combinations designated MMB are modules comprised of individual microcircuits 
compliant with MIL-STD-883, for Class B components. 
2. Device package and temperature combinations designated ZMB are multichip microcircuits that have been screened 
in accordance with Method 5004 of MIL-STD-883. 


AIMEL 149 


AIMEL 


CMOS PEROM Product Selection Guide 


AT29C256 see page 3-3 


Organization: 32K x 8 Package Temperature | Power Icc (mA) 
No. of Pins: DIP 28, L P T Range Supply Active Standby 
LCC 32, 
TSOP 28 : , 


Package Type 


Military (-55°C to 125°C) 
M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-50 CMOS CR CO) ace mmmmmemmmenanncssmamenesaise scene me ae ueaiaseeimte tes scien 


CMOS PEROM 


CMOS PEROM Product Selection Guide - 


AT29 LV256 see page 3-17 


Organization: 32K x 8 Speed Package Temperature Power Icc (MA) 
No. of Pins: DIP 28, (ns) D Range Supply Active Standby 
LCC 32, 


J PT 

TSOP 28 200 C 
200 | 
250 C 
250 | 


Package Type 


28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
= 


28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature Range 
Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


1-51 


AIMEL 


CMOS PEROM Product Selection Guide 


AT29C257 see page 3-27 


Organization: 32K x 8 Speed Package Temperature Power Icc (mA) 
No. of Pins: DIP 32, (ns) D J L P Range Supply Active Standby 
LCC 32 90 C 


Package Type 


32D6, 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


| J | 32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32L, 32 Pad, Non Windowed, Ceramic Leadless Chip Carrier (LCC) 


32P6, 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


Temperature Range 
| «© | Commercial (0°C to 70°C) 


Industrial (-40°C to 85°C) 
1-52 CMOS PERO) seetemesmessseeeeemeseseene Ree Estee. 


CMOS PEROM 


CMOS PEROM Product Selection Guide 


AT29C51 2 see page 3-39 


Organization: 64K x 8 Icc (mA) 


No. of Pins: DIP 32, Active Standby 
LCC 32, 


TSOP 32 


| D | 32D6, 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
/—p | 89P6, 32 Lad, 0.600" Wide, Plastic Dual nine Package PDIP) 


[1 | industrial (402010850) ——SOSC=“‘“‘*S~*S*S*<“‘“‘SCW™S™SCS*~“‘CSNSNCN#CSC“‘“#NNNC#C¥d 
[—M | Witary (55°00 125%) —SSOS~=~“~*~“~*~*~‘“‘—*~*S*s*~“s*“S*—“s~‘“s~‘“Ss*s~“Ss~“s~—CSs~CS 


1-53 


CMOS PEROM Product Selection Guide 


AT29LV512 see page 3-53 


Organization: 64K x 8 a Temperature Power loc (MA) 
No. of Pins: DIP 32, D — Supply Active Standby 
LCC 32, 


TSOP 32 


Package Type 


32D6, 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


a 32P6, 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


32T, 32 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature Range 
Commercial (0°C to 70°C) 


Idustrial (-40°C to 85°C) 


CMOS PEROM 


CMOS PEROM Product Selection Guide 


AT29C010 see page 3-63 


Organization: 128K x 8 farina Temperature | Power Icc (mA) 
No. of Pins: DIP 32, ee Supply Active Standby 
LCC 32, 


TSOP 32 


Package Type 


32D6, 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


32P6, 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


32T, 32 Lead, Plastic Thin Small Outline Package (TSOP) 


; 
—é | Commeriat OCW) SSC“*~*‘“SCOS*S*S*S*=“‘CNNNSCSC“C“‘“(#SN#NNNCSN 
1 industrial (40°C 085%) ——SSSCSC~“~“~*~“‘“S*S*S*S*~“*~“~*~“‘“‘“‘S*SSSSS 
we | Mitary (5500125) ——OOSCSC—“~*~*~“‘—*S*~*~“—*S*~‘“s*~S*~“‘—s~S~S~S~S~S 
wees 


ATMEL 188 


AIMmEL 


CMOS PEROM Product Selection Guide 


AT29LV010 see page 3-77 


Organization: 128K x 8 Package Temperature | Power Icc (mA) 
No. of Pins: DIP 32, J P T Range Supply Active Standby 
LCC 32, 
C 
| F 


TSOP 32 
200 
250 Cc 
250 | 


Package Type 


32D6, 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


J 32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32P6, 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
T 32T, 32 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature Range 
| © | Commercial (0°C to 70°C) 


Industrial (-40°C to 85°C) 


CMOS EPROM 


CMOS EPROM Product Selection Guide 


AT27C256R see page 4-3 
Organization: 32K x 8 Package Temperature | Power Icc (mA) 
No. of Pins: DIP 28, D J K L P R T Range Supply | Active Standby 
LCC 32, 


TSOP 28 


Continued on next page 


Package Type 


28DW6, 28 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


32J, 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
32KW, 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier OTP (JLCC) 


J | i ier OTP | 

32LW, 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 

| P| 28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 

| R | 28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
28T, 28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


[€_ | Commer (OCG) OSSC~“‘“S*“‘“SCONSCNCSC“‘CNSNSC“‘C(N’SN#SNSNSNNNNC 
1 [industrial (40°C 065%) —SOSC*~=“‘*‘“‘*S*S*S*S*S*S*C*“‘*‘“‘*SCSCSC‘“‘~“Ss‘“‘“<=CS*”S 
wT witary (5500 125%) —SOSC~=“C*~“‘*“*~*~“‘*‘“*S*~*~“‘“‘“S*~“*~*“‘“‘“<CSCS 


ATMEL sr 


AIMEL 


CMOS EPROM Product Selection Guide 


AT27C256R (Continued) see page 4-3 


Organization: 32K x 8 Speed Package Temperature | Power Icc (mA) 
(ns) D J K L P R T Range Supply | Active Standby 


SMD Number for part AT27C256R 


5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 


Package Type 
28DW6, 28 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
J 32J, 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


| KK 32KW, 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier OTP (JLCC) 
32LW, 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


| P| 28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 
| R | 28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


‘i 28T, 28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


| © — | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 
| mM ) 


Military (-55°C to 125°C 


CMOS EPROM 


CMOS EPROM Product Selection Guide 


AT27LV256R see page 4-13 


Organization: 32K x 8 Package Temperature lec (mA) 
No. of Pins: DIP 28, Range Active Standby 


LCC 32, 
SOIC 28, 
TSOP 28 


Note: 1. Vcc =3.3 V 


"—B_ | 28DWE, 28 Lead, 0.600" Wide, Windowed, Ceramic Dual nine Package (Cerdip) 
[J [ 924, 82 Lead, Plastic Leaded Chip Carer OTP (PLCC) 
[Kk | 82KW, 32 Lead, Windowed Ceramic -Leaded Chip Carrier JCC) SSCS 
CP 
ae 


28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


28T, 28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature Range 
| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


AIMEL 150 


CMOS EPROM Product Selection Guide 


AT27HC256R Refer to AT27C256R for new designs. see page 4-21 


Speed Package | Temperature Power Icc (mA) 
(ns) D K L Range Supply Active Standby 
55 

55 


C 
| 
70 | 
70 M 
70 M/883 
SMD Number for AT27HC256R 


fseczeenes ce «| 7+] [+] wees | wom [| = | #0 


Organization: 32K x 8 
No. of Pins: DIP 28, 
LCC 32 


AT27HC256RL - Not recommended for new designs. Use AT27C256R 


[p__|_28DW6, 28 Lead, 0.600" Wide, Windowed, Ceramic Dual inne Package (Cerdip) SSCS 
[Kk | 32kW, 32.Lead, Windowed, Ceramic J-Leaded Chip Carrier(JLCC) SSCS 


[€_| Commer CWT) —OSCSC~“~*“~*~*“‘“SSCSSCSSS 
[1 | industial (40°C 10850) —SOSSC=“‘*‘“‘*S*S*S*S*SC“‘*‘“*SCSCSCSCSC“‘S*i‘“‘tsitStS 
[—w| witary (55010 125%) SSC=“‘*“*“*“‘“~*S*S*SCSCSC~S~S 


MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


M/883 


1-60 WNiOS fr ~ ov) nsoue susan ssnein estan 


CMOS EPROM 


CMOS EPROM Product Selection Guide 


AT27C512R 


Organization: 64K x 8 Package Icc (MA) 

No. of Pins: DIP 28, K L P Active Standby 
LCC 32, 
SOIC 28, 


TSOP 28 


SMD Number for AT27C512R 


5962-87648 04 
5962-87648 01 
5962-87648 02 
5962-87648 03 


Package Type 
28DW6, 28 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
32J, 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 

32KW, 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier OTP (JLCC) 


od 
pK 
32LW, 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
Le 
oR 


28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 
28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
28T, 28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature Range 


[_€_[ Commersai cw SSCSC“—~“‘S~“~*SC“C~S~S~—~SsS 
1 [industrial (40°C 065°) ——OCSC=“‘*‘“‘S~S*S*<“‘SCSCSC*CS*~“‘NSNNNCSCSCSCSCSSS 
[—w| Mitary (55010 125%) —SSCSC~“‘“‘*S*S*S*S*“*“‘*S*“‘“‘*SSSSS 


1-61 


AIMEL 


CMOS EPROM Product Selection Guide 


AT27 LV51 2R see page 4-35 


Organization: 64K x 8 Package Temperature Icc (mA)? 


No. of Pins: DIP 28, Active Standby 
LCC 32, 


SOIC 28, 
TSOP 28 


Note: 1. Vcc =33V 


[D__ | 28DW6, 28 Lead, 0.600" Wide, Windowed, Ceramic Dual inne Package (Cerdip) C= 
[J _| 32), 32 Lead, Plastic J-Leaded Chip Carer OTP(PLCC) SSCS 
[kK | 92kW, 32 Lead, Windowed Ceramic J-Leaded Chip Carrer(JLCC) SSCS 
[_L__| 82LW, 32 Pad, Windowed, Ceramic Leadless Chip Carrer(LCC)—SSCSCSC*C~*d 
Pe 


28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
28T, 28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


J 
L 
R 
T 

Temperature Range 
C 


Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 


1-62 CMOS EPROM 6 ET NOU RRR SERRE 1 TIS Bi NN EES MRA BN Se RR eT SE 


CMOS EPROM 


CMOS EPROM Product Selection Guide 


AT27C010 


Organization: 128K x 8 Package Temperature | Power Icc (mA) 
No. of Pins: DIP 32, D J Range Supply | Active Standby 
LCC 32, 


SOIC 32, 
TSOP 32 


K L P R T 
SMD Number for AT27C010 
5962-89614 M 06 
5962-89614 M05 
5962-89614 M 04 
5962-89614 M03 
5962-89614 M02 
5962-89614 M01 


Package Type 
32DW6, 32 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
32J, 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 

32KW, 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


| Dd 
pK 
32LW, 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
= 
| OR 


32P6, 32 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 
32R, 32 Lead, 0.440" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
32T, 32 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature Range 


1 [industrial (40°10 85%C)—OC~“‘*‘“‘*S*S*S*S*S*S*“‘“‘*SCSCSCSCSCSCSCSCSC“‘“‘“‘*SSSS 
Mw | Wiltary (55°10 125%) SSC—C“*~“*~*~“‘“—S*SC“S~S~“‘<s~<Ss~SC~s<Ss*tst~S 


AIMEL 163 


AIMEL 


CMOS EPROM Product Selection Guide 


AT27C010L see page 4-43 


Organization: 128K x 8 d Package Temperature | Power Icc (mA) 
No. of Pins: DIP 32, D Range Supply | Active Standby 
LCC 32, 


JK L P R T 
SOIC 32, 
TSOP 32 


AT27C LO1 0 - Not recommended for new designs. Use AT27C010L 


J | 32), 92 Lead, Plastic JLeaded Chip Carrier OTP (PLCC) CSCSC~C“~S~S~S 
| 32LW, 32 Pad, Windowed, Ceramic Leadless Chip Carier(LCC) —=~=~“~*~*~*~“~*~*~*~S~S 
T | 32T, 32 Lead, Plastic Thin Small Outine Package OTP (TSOP) 


/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-64 CMOS CY) sae 


CMOS EPROM 


CMOS EPROM Product Selection Guide 


AT27 LVO1 0 see page 4-55 


Organization: 128K x 8 Speed ee ae Temperature Icc (mA)? 
No. of Pins: DIP 32, (ns) Range Active Standby 


LCC 32 
: inne 


Note: 1. Vcec=3.3 V 


32P6, 32 fea 0.600" Wide, Plastic Dual Inline Package OTP oe 
32R, 32 Lead, 0.450" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


Temperature Range 
| © — | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


AIMEL 1-65 


AIMEL 


CMOS EPROM Product Selection Guide 


AT27C1 024 see page 4-63 


Organization: 64K x 16 Speed Package Temperature | Power Icc (mA) 
No. of Pins: DIP 40, (ns) D J kK L P Range Supply Active Standby 
LCC 44 


SMD Number for AT27C1024 


5962-86805 06 
5962-86805 05 
5962-86805 04 
5962-86805 03 
5962-86805 02 
5962-86805 01 


Package Type 
| D | 40DWG6, 40 Lead, 0.600" Wide, Windowed Ceramic Dual Inline Package (Cerdip) 
44J, 44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
PK 44KW, 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
44LW, 44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
Re 
Mi 


| P| 40P6, 40 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


Temperature Range 
Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 
Military (-55°C to 125°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-66 CONMOS CP. Ol) eeu: 


CMOS EPROM 


CMOS EPROM Product Selection Guide 


AT27HC1 024 see page 4-71 


Organization: 64K x 16 loc (MA) 


No. of Pins: DIP 40, Active Standby 
LCC 44 


SMD Number for AT27HC1024 


5962-86805 08 70 M/883 10% 90 10 
5962-86805 07 90 M/883 10% 90 10 


Package Type 


| D | 40DW6, 40 Lead, 0.600" Wide, Windowed Ceramic Dual Inline Package (Cerdip) 

44J, 44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 

| K | 44KW, 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 

| P| 40P6, 40 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 
Temperature Range 

Commercial (0°C to 70°C) 


Military (-55°C to 125°C) 
M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


| 1 | Industrial (-40°C to 85°C) 


1-67 


AIMEL 


CMOS EPROM Product Selection Guide 


AT27LV1 024 see page 4-79 


Organization: 64K x 16 Pacane Temperature Icc (mA) 
No. of Pins: DIP 40, Range Active Standby 
LCC 44 


0 
ic 


Note: 1. Vcec=3.3 V 


[B__|40DW6, 40 Lead, 0.600" Wide, Windowed Ceramic Dualinine Package (Cord) —=SC~S~S 
[—s_ | 44s, 44 Lead, Plastic J-Leaded Chip Carrier OTP(PLCC) SSCS 
[kK | 44KW, 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier LCG) —=SOS=~“~“~*~“~*~*~S~S 
ed 
a 


44LW, 44 Pad, windowed, Caramia Leadless Chip Carrier i 


40P6, 40 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


Temperature Range 


1-68 CMOS EPROM cemeenens ce omer ere 


CMOS EPROM 


CMOS EPROM Product Selection Guide 


AT27C040 see page 4-87 


Organization: 512K x 8 Package Temperature | Power Icc (mA) 
No. of Pins: DIP 32, J oebL P T Range Supply Active Standby 
LCC 32, 


: iW 


[| S20W6, 32 Lead, 0.600" Wide, Windowed Ceramic Dual Inne Package (Cerdp) 
[—s__| 82s, 32 Lead, Plastic Leaded Chip Carrier (PLCC) 
[tL __|  s2LW, 32 Pad, Windowed, Ceramic Leadless Chip Carier(LCC)——SSSOSCS~S~S~S 
/—P | 32P6, 32 Lead, 0.600" Wide, Plastic Dual nine Package OTP (PDIP) 


Temperature Range 


Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 
| M | Military (-55°C to 125°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


AIMEL 0 


AIMEL 


CMOS EPROM Product Selection Guide 


AT27LV040 see page 4-95 


Organization: 512K x 8 Speed i ee Temperature lec (mA)? 
No. of Pins: DIP 32, (ns) = Active Standby 


LCC 32, 
7 TT 


Note: 1. Vcec=3.3 V 


[_B__| S2DWE, 32 Lead, 0.600" Wide, Windowed Ceramic Dual Inine Package (Cerdip) SSCS 
P| 
ms 


32P6, 32 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 
40T, 40 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


y 
Temperature Range 
| SC Commercial (0°C to 70°C) 


Industrial (-40°C to 85°C) 


1-70 CMOS EPROM Sa RE ERO Sie MEETS 


CMOS PROM 


CMOS PROM Product Selection Guide 


AT28HC191 see page 5-3 


Organization: 2K x 8 oie 4 Temperature Power Icc (mA) 
No. of Pins: DIP 24 oo — =vel Active Standby 


AT28HC1 91 L see page 5-3 


Organization: 2K x 8 oe Temperature Power Icc (mA) 
No. of Pins: DIP 24 a renee Supply Active Standby 


3 


Package Type 
| D | 24D6, 24 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
| P| 24P6, 24 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


Temperature Range 


Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 
| =M— | Military (-55°C to 125°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-71 


AIMEL 


CMOS PROM Product Selection Guide 


AT28HC291 see page 5-11 


Organization: 2K x 8 Speed Package | Temperature Power Icc (mA) 
No. of Pins: DIP 24, (ns) D L P Range Supply Active Standby 
35 C 
C 


LCC 28 


AT28HC291L see page 5-11 


Organization: 2K x 8 Speed Package | Temperature Power Icc (mA) 

No. of Pins: DIP 24, (ns) D L P Range Supply Active Standby 
45 Cc 
45 | 


LCC 28 
3 


Package Type 
| D | 24D3, 24 Lead, 0.300" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
| L | 28L, 28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 

| P| 24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


Temperature Range 


| © — | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 
| M_— | Military (-55°C to 125°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-72 CMOS PROM saumeunsenenees 


CMOS PROM 


CMOS PROM Product Selection Guide 


AT27HC641 i see page 5-19 


Organization: 8K x 8 Package Temperature | Power Icc (mA) 
No. of Pins: DIP 24, L P Y Range Supply Active Standby 
LCC 28 


SMD Number for AT27HC641R 


5962-87515 01 
5962-87515 02 
5962-87515 03 
5962-87515 04 


Package Type 
| D | 24DW6, 24 Lead, 0.600" Wide, Windowed Ceramic Dual Inline Package (Cerdip) 
28LW, 28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
24P6, 24 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


| oP 
24CW, 24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
x 
ae 
| M 


Temperature Range 


AIMEL 173 


AIMEL 


CMOS PROM Product Selection Guide 


AT27HC642R see page 5-19 


Organization: 8K x 8 Package | Temperature Power Icc (mA) 

NO. of Pins: DIP 24 D P Range Supply Active Standby 
C 
C 


SMD Number for AT27HC642R 


5962-87515 01 
5962-87515 02 
5962-87515 03 
5962-87515 04 


Package Type 
| D | 24DWS, 24 Lead, 0.300" Wide, Windowed Ceramic Dual Inline Package (Cerdip) 
| P| 24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
Temperature Range 


ae Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


Military (-55°C to 125°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-74 CY Looe 2 rename cae cena armas 


CMOS PROM Product Selection Guide 


AT32C1 6 - Not recommended for new designs. Use AT27C1024 


1-75 


AIMEL 


CMOS SRAM Product Selection Guide 


AT3864L see page 6-3 


Organization: 8K x 8 Speed ei Temperature Icc (mA) 
No. of Pins: DIP 28, (ns) — Active Standby 
SOIC 28 


Package Type 
28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline (SOIC) 


Temperature Range 
| et Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


1-76 Lo MPCOSS [5 01." amssamammmmnamemm aaa cua aaanneaamaaaeeametaias 


CMOS SRAM 


CMOS SRAM Product Selection Guide 


AT3864L-15DMB see page 6-11 


Organization: 8K x 8 Package | Temperature Icc (mA) 
No. of Pins: DIP 28 D Range Active Standby 


a 


Package Type 


| D | 28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


Temperature Range 
| M_ | Military (-55°C to 125°C) 


AIMEL 7 


AIMEL 


CMOS SRAM Product Selection Guide 


AT38H256 see page 6-19 


Organization: 32K x 8 Package | Temperature Icc (mA) 
No. of Pins: DIP 28, N xX Range Active Standby 


C 
| 
C 
| 
C 
| 


Package Type 
| oN | 28P3, 28 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
| =X | 2882, 28 Lead, 0.300" Wide, Plastic J-Leaded Small Outline (SOIC) 


Temperature Range 
Commercial (0°C to 70°C) 


Idustrial (-40°C to 85°C) 


1-78 CMOS SRAM PORE EIB EGS eS Nh iaretis S ee EONS 8 ip RANE oie SS 


CMOS SRAM 


CMOS SRAM Product Selection Guide 


AT38LV256 see page 6-27 
| Organization: 32K x 8 Speed Package Temperature Icc (MA) 
No. of Pins: DIP 28, (ns) R Range Active Standby 
SOIC 28 
70 C 0.03 
mm | i | ¢ | 8 | oe 


Package Type 
| R  | 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


Temperature Range 
Commercial (0°C to 70°C) 


AIMEL i 


AIMEL 


CMOS EPLD Product Selection Guide 


AT1 8V8Z see page 7-3 


No. of Pins: DIP 20, Speed Package | Temperature Power Icc Active | lcc Standby 
LCC 20 (ns) D J P Range Supply mA (1 MHz) (uA) 
25 
| 


C 2 100 

2 100 
C 2 100 
| 2 100 


[DB __|20DW3, 20 Lead, 0.300" Wide, Windowed, Ceramic Dual inne Package (Cerdip) 
[P| 20P3, 20 Lead, 0.500" Wide, Plastic Dual nine Package OTP (PDIP) SSCS 


Temperature Range 
| © — | Commercial (0°C to 70°C) 


Industrial (-40°C to 85°C) 


CMOS EPLD 


CMOS EPLD Product Selection Guide 


AT22V1 0 see page 7-19 
Approx. Gates: 500 Package Temperature |Power 
No. of Pins: DIP 24, D F GJ K L N P S Y Range Supply 
LCC 28, 


SOIC 24 


SMD Number for AT22V10 


5962-87539 04 
5962-87539 01 
5962-87539 02 
5962-87539 03 
5962-88670 05 
5962-88670 04 
5962-88670 01 
5962-88670 02 
5962-88670 03 


24DW3, 24 Lead, 0.300" Wide, Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 
24C, 24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 
24D3, 24 Lead, 0.300" Wide, Non-Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 


24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
Y 24CW, 24 Lead, Windowed, Ceramic Flat Package (Cerpack) 


P| industriat (40°C 10850) SSSCSC~C“~“*~*S*~*—*“‘~“S*S*S*~‘“‘“SsSCS~SCSCSS 
[Mw _| Miltary (55°01 125%) —SSSSCS~—~—~—SCSSS 
M66 


1-81 


AIMEL 


CMOS EPLD Product Selection Guide 


AT22V1 OL see page 7-19 


Approx. Gates: 500 Package Temperature |Power| Icc 
No. of Pins: DIP 24, N P S§ Y Range Supply| (mA) 
LCC 28, 
SOIC 24 


SMD Number for AT22V10L 


5962-89724 04 
5962-88724 01 
5962-88724 02 
5962-88724 03 
5962-89755 04 
5962-89755 01 
5962-89755 02 
5962-89755 03 


Package Type 


24DW3, 24 Lead, 0.300" Wide, Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 
24C, 24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 


eae 

Ae 
G 24D3, 24 Lead, 0.300" Wide, Non-Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 
J 28J, 28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 

28KW, 28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 

28LW, 28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 

| —N | 28L, 28 Pad, Non-Windowed Ceramic Leadless Chip Carrier OTP (LCC) 

| P| 24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 

| § | 24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 

24CW, 24 Lead, Windowed, Ceramic Flat Package (Cerpack) 


Temperature Range 


. Gf Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 
| M_ | Military (-55°C to 125°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-82 CMOS EPLD cic eemesmmmmenmnenmmnecusce 


CMOS EPLD 


CMOS EPLD Product Selection Guide 


AT22V1 0B see page 7-35 


Approx. Gates: 500 Package Temperature Power 
No.of Pins: DIP 24, K L N P §S Range Supply 
LCC 28 


: Ae 


Package Type 


24DW3, 24 Lead, 0.300" Wide, Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 
24D3, 24 Lead, 0.300" Wide, Non-Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 


28J, 28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
28KW, 28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
28LW, 28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28L, 28 Pad, Non-Windowed Ceramic Leadless Chip Carrier OTP (LCC) 


24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


Temperature Range 
Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 


Military (-55°C to 125°C) 
M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-83 


AIMEL 


CMOS EPLD Product Selection Guide 


AT22LV1 0 see page 7-45 


Approx. Gates: 500 Package Temperature | Power icc (mA) 
No. of Pins: DIP 24, K LN P S Y Range Supply (3.6/5.5 V) 
LCC 28, 


35/90 
24 
— 45/100 


45/100 
45/100 
35/90 
45/100 
45/100 
45/100 
35/90 
45/100 
45/100 
45/100 


Package Type 
24DW3, 24 Lead, 0.300" Wide, Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 


| _F | 24C, 24 Lead, Non-Windowed, Ceramic FlatPackage(Cerpack) 
|G __| 24D3, 24 Lead, 0.300" Wide, Non-Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 
| K | 28KW, 28 Lead, Windowed, Ceramic J-LeadedChipCarrier(JLCC) 
| oN 28L, 28 Pad, Non-Windowed Ceramic Leadless Chip Carrier OTP (LCC) 

ace aa 

| Ss 


24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 

24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
24CW, 24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
| © | Commercial (°C to 70°C) 
| tL | Industrial (40°C to 85°C) 
Me 


Military (-55°C to 125°C) 
M/883 | MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-84 (ONMOS 5 9.  prewmmiesmm sme asses asatea ie ete: Rai i iaSsaeaE sci 


CMOS EPLD 


CMOS EPLD Product Selection Guide 


AT22LV10L 


Approx. Gates: 500 Icc (mA) 
No.of Pins: DIP 24, (3.6/5.5 V) 
LCC 28, 


SOIC 24 


[DB __| 24DW3, 24 Lead, 0.300" Wide, Windowed (OTP) Ceramic Dual inine Package (Cerdip) 
[—F __| 24C, 24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 
7G | 2403, 24 Lead, 0.300" Wide, Non-Windowed (OTP) Ceramic Dual inline Package (Cerdip) 
[Kk | 28kW, 28 Lead, Windowed, Ceramic J-Leaded Chip Carrier(LCG)—=SSCSC~S~S 
Pe | ¢ Dual nk ) 
7 : : 


28L, 28 Pad, Non-Windowed Ceramic Leadless Chip Carrier OTP (LCC) 
24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP 


28LW, 28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
Y 24CW, 24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
Temperature Range 


| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


Military (-55°C to 125°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-85 


AIMEL 


CMOS EPLD Product Selection Guide 


ATV750 see page 7-59 


Approx. Gates: 750 Package Temperature | Power 
No. of Pins: DIP 24, N P S Y Range Supply 
LCC 28, 


SOIC 24 


SMD Number for ATV750 


5962-88726 04 
5962-88726 03 
5962-88726 02 
5962-88726 01 


Package Type 
24DW3, 24 Lead, 0.300" Wide, Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 
24C, 24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 
24D3, 24 Lead, 0.300" Wide, Non-Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 
28J, 28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
28KW, 28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
28LW, 28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
28L, 28 Pad, Non-Windowed Ceramic Leadiess Chip Carrier OTP (LCC) 
24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
24CW, 24 Lead, Windowed, Ceramic Flat Package (Cerpack) 


Temperature Range 


| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) | 
| M_ | Military (-55°C to 125°C) 


1-86 


MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


CMCS EPLD m_umenumssmcnasmzamncnneeRIRsaces 


CMOS EPLD 


CMOS EPLD Product Selection Guide 


ATV750L 


Approx. Gates: 750 

No. of Pins: DIP 24, 
LCC 28, 
SOIC 24 


see page 7-59 


Package Temperature Power 
D F G JK LN PS Y Range Supply 
1 


SMD Number for ATV750L 


5962-88726 07 25 | M/883 10% 15 
5962-88726 06 30 M/883 10% 15 


Package Type 
24DW3, 24 Lead, 0.300" Wide, Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 
24C, 24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 
24D3, 24 Lead, 0. coi Wide, Non- ies a — Dual Inline Package (Cerdip) 


28LW, 28 Pad, Windowed, Ceramic Leadless Chip Carrier ie 
24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
24CW, 24 Lead, Windowed, Ceramic Flat Package (Cerpack) 


Temperature Range 


ATMEL te 


AIMEL 


CMOS EPLD Product Selection Guide 


ATV2500H see page 7-83 
Approx. Gates: 2500 beers Temperature Power 
No. of Pins: DIP 40, Range Supply 
LCC 44 1 


5962-91545 02 M 25 M/883 10% 180 
5962-91545 01 M a5 M/883 10% 180 


[B_|_ 40DW6, 40 Lead, 0.600" Wide, Windowed (OTP) Ceramic Dual Inne Package (Cerdip) SS 
[Kk | 44KW, 44 Lead, Windowed, Ceramic J-Leaded Chip CarverWLCC)——SSOCSC~S~S 
[P| 40P6, 40 Lead, 0.600" Wide, Plastic Dual Inine Package OTP (PDIP) ——SCSC~S 


Temperature Range 


Commercial (0°C to 70°C) 


| 1 | Industrial (-40°C to 85°C) 
| M_— | Military (-55°C to 125°C) . 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-88 CNIS ©“. _) svaasvnemmmmamseanaana cnensenenestasanmamea aseanare acs sememmamneseuctenriascnemeances 


CMOS EPLD 


CMOS EPLD Product Selection Guide 


ATV2500L see page 7-83 
Approx. Gates: 2500 Package Temperature Power 
D J K L_ P Range Supply 
C 


No. of Pins: DIP 40, 
5 
| 
M 
SMD Number for ATV2500L 


LCC 44 
sscosisescsm | 8 || [-|+] | wees | wom | v0 


Package Type 
| D | 40DWG6, 40 Lead, 0.600" Wide, Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 
| J | 44J, 44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC 


, : ) 
44KW, 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 

44LW, 44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 

| P| 40P6, 40 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


[€_[ Commer (CWO) OSSC~“‘*~*s*~“‘—‘S*S*SC“~*S*S*S*SC“~S~“~S~S~S~S~S 
1 [industrial (400 1085°%)—OSC=“‘“‘*~*<“‘“‘CSCS™SC~“‘CNNNON 
[—M| Mitary (5500125) SSOSCSC~“~*~“‘“—*~*~*~*~“—‘—*~S*s*~“‘s~S~SsSsS~SsSSSS 

wie8 


AIMEL = 


CMOS EPLD Product Selection Guide 


ATV5000 see page 7-103 


Approx. Gates: 5000 Speed Package | Temperature Power 
No.of Pins: LCC 68, (ns) JK U Range Supply 
PGA 68 
25 C 
30 C 


ATV5000L see page 7-103 


Approx. Gates: 5000 Speed Package | Temperature Power 
No. of Pins: LCC 68, (ns) JK U Range Supply 
PGA 68 
30 C 40 
35 C 40 


| 
M 
M/883 


Package Type 
68J, 68 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


PK 68KW, 68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
| U | 68UW, 68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 


Temperature Range 


Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 
| M | Military (-55°C to 125°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


1-90 CNIOS Er _O qe eee 


CMOS EPLD 


CMOS EPLD Product Selection Guide 


ATV51 00 see page 7-131 


Approx. Gates: 5000 Package | Temperature Power 
No. of Pins: LCC 68, JK U Range Supply 
PGA 68 
C 
C 


ATV51 OOL see page 7-131 


Approx. Gates: 5000 Speed Package | Temperature Power 
No. of Pins: LCC 68, (ns) J eK U Range Supply 
PGA 68 
30 
35 


C 40 
C 40 
| 
M 
M/883 


Package Type 
68J, 68 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
68KW, 68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


| U | 68UW, 68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 


Temperature Range 


Ye | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 
| =M_ | Military (-55°C to 125°C) 


M/883 MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 


AIMEL 191 


AIMEL 


CMOS EPLD Product Selection Guide 


ATH3000 see page 7-165 


Approx. Gates: 3000 Package | Temperature Power 
No. of Pins: LCC 68, JK U Range Supply 
C 
| 


PGA 68 


ATH3000L see page 7-165 


Approx. Gates: 3000 Speed Package | Temperature Power Icc 

No. of Pins: LCC 68, (ns) J eK U Range Supply (mA) 
20 5 
20 10 


PGA 68 
C 
| 
20 C 
25 | 
25 M 
25 M/883 


Package Type 
68J, 68 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
68KW, 68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
68UW, 68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 


Temperature Range 


Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 


Military (-55°C to 125°C) 


M/883 | MIL-STD-883C, Class B, Fully Compliant (-55°C to 125°C) 
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CMOS Logic Product Selection Guide 


AT40391B order as a chip set with the AT40392 in the same speed. See page 9-3 


No. of Pins: PQFP 160 CPU Clock Package Temperature Power 
(MHz) Q Range Supply 


C 5% 
C 5% 
C 5% 


Package Type 
| Q | 160Q, 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 


Temperature Range 
| © — | Commercial (0°C to 70°C) 


AIMEL = 


ANMEL 


CMOS Logic Product Selection Guide 


AT40392 To be ordered as a chip set with the AT40391B, AT40493 or the AT40495. see pages 9-3, 9-9, 9-15 


No. of Pins: PQFP 160 CPU Clock — Temperature Power 
—— — Supply 
5% 


5% 
: 5% 
C 
C 


Package Type 


| @Q | 160Q, 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 
Temperature Range 


| Cc | Commercial (0°C to 70°C) 
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CMOS Logic Product Selection Guide 


AT40493 Order as a chip set with the AT40392 in the same speed. see page 9-9 


No. of Pins: PQFP 160 CPU Clock Package Temperature Power 
(MHz) Q Range Supply 


25 C 5% 
33 C 5% 
50 C 5% 


Package Type 
| @Q | 160Q, 160 Lead, Plastic Gull Wing Quad Flat Package (POQFP) 


Temperature Range 
Commercial (0°C to 70°C) 


1-95 


CMOS Logic Product Selection Guide 


AT40495 order as a chip set with the AT40392 in the same speed. see page 9-15 
No. of Pins: PQFP 160 Package Temperature Power 
Q Range Supply 


25 C 5% 
C 5% 
C 5% 


Package Type 
| Q | 160Q, 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 


Temperature Range 
| © — | Commercial (0°C to 70°C) 
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CMOS Logic Product Selection Guide Zz 


AT40498 see page 9-17 


No. of Pins: PQFP 208 CPU Clock Package Temperature Power 
(MHz) Q Range Supply 


25 C 5% 
33 C 5% 
50 C 5% 


Package Type 
| @ | 208Q, 208 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 


Temperature Range 
Commercial (0°C to 70°C) 


AIMEL 87 


AIMEL 


CMOS Logic Product Selection Guide 


AT40281 see page 9-21 


No. of Pins: PQFP 160 CPU Clock Package Temperature 
(MHz) Q Range 
C 


Package Type 
| @ | 160Q, 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 


Temperature Range 
Y eS Commercial (0°C to 70°C) 


1-98 CMOS LOO(C cau:tnceEeete ROE RREMECED TT 
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CMOS Logic Product Selection Guide ie 


AT40283 see.page 9-25 


No. of Pins: PQFP 160 CPU Clock — Temperature Power 
ii Supply 


Package Type 
| Q | 160Q, 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 


Temperature Range 


Commercial (0°C to 70°C) 


AIMEL 199 


AIMEL 


CMOS Logic Product Selection Guide 


AT40206 see page 9-29 


PQFP 100, Package Temperature Power 
J Q Range Supply 


PLCC 84 
ee a ee ee 


No. of Pins: 


Package Type 
84J, 84 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
| Q | 100Q2, 100 Lead, Plastic Gull Wing Quad Flat Package (POFP) 


Temperature Range 
| 6 Commercial (0°C to 70°C) 


1-100 CMOS LOGIC susmsesnsensccscn mes cnc-cricmmmmmenanece 


}' MEM a ———eamammann: NOS Logic 


CMOS Logic Product Selection Guide ae 


AT43216 see page 9-33 


No. of Pins: PLCC 84 CPU Clock eae Temperature Power 


(MHz) Range Supply 


a 


Package Type 
| J | 84J, 84 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


Temperature Range 
| © — | Commercial (0°C to 70°C) 


1-101 


CMOS Logic Product Selection Guide 


AT40957 order as a chip set with the AT40958 and the AT40959 in the same speed. see page 9-37 
No. of Pins: PQFP 184 CPU Clock Package Temperature Power 
(MHz) Q2 Range Supply 
33 Cc 5% 
C 5% 
C 5% 


AT40958 Order as a chip set with the AT40957 and the AT40959 in the same speed. see page 9-37 
No. of Pins: PQFP 184 CPU Clock Package Temperature Power 
(MHz) Q2 Range Supply 


33 C 5% 
5% 
5% 


AT40959 order as a chip set with the AT40957 and the AT40958 in the same speed. see page 9-37 
No. of Pins: PQFP 160 CPU Clock Package Temperature Power 
(MHz) Q1 Range Supply 
33 C 5% 
C 5% 
C 5% 


Package Type 
160Q, 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 


184Q, 184 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 


Temperature Range 


Commercial (0°C to 70°C) 


1-102 CMOS LOGIC tmnmtumammmassmsenmesneneonne ocsntcastane xmas nkeimiicon ie 


Mixed Signal 


CMOS Mixed Signal Product Selection Guide 


AT76C10 see page 11-3 
Delay (ms): 1.8 Bandwidth Package | Temperature Power 
Gain (dB): 31.5 (kHz) D P Ss Range Supply 
No. of Pins: DIP 16, 
SOIC 16 4 C 
4 | 
4 M 


AT76C10E see page 11-11 
Delay (ms): 1.8 Bandwidth Package | Temperature 
Gain (dB): 31.5 (kHz) D P Ss Range 
No. of Pins: DIP 16, 
SOIC 16 4 C 
4 | 


Package Type 
16D3, 16 Lead, 0.300" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


| P| 16P3, 16 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


16S, 16 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


1 [industriat (40°C to85°) ——OSOCSC~“~*“*S*S*~“‘*S*S*S*S*~“~*~*~“‘“~“~*~*~*~“s~S*S*~S~S 
DM | Witary (55°10 125%) —SSCS—~—~—SCSCS 


ATMEL +103 
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CMOS Mixed Signal Product Selection Guide 


AT76C120 see page 11-19 


Organization: Dual 16/18-bit A/D Signal-to- | Accuracy a Temperature | Power 
No. of Pins: DIP 24, oe Noise _— (%FRS) nee ee 
SOIC 24 


| D | 24D6, 24 Lead, 0.600" Wide, Non- Windowed, Ceramic Dual Inline Package (Cerdip) 
| 24P6, 24 Lead, 0.600" Wide, Plastic Dual nine Package (PDIP) 
-R|24R, 26 Lead, 0330" Wide, Plastic Gull Wing Small Outine (S016) 


Temperature Range 
| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


Military (-55°C to 125°C) 


1-104 VOKGc SOG) emanmmemmammesse 2 sartecseacna wae sctmacebamatsnenemmecumemesiin: 


Mixed Signal 


CMOS Mixed Signal Product Selection Guide 1 
1 


AD-1 20 see page 11-27 
Organization: Dual 16/18-bit A/D Speed Signal-to- Accuracy | Temperature Power 
Development Kit (kHz) Noise (dB) (%FRS) Range Supply 
A A MM 


for PC/AT 
Board, S.W. & Cables 


AIMEL 108 


AIMEL 


CMOS Mixed Signal Product Selection Guide 


AT76C1 76 see page 11-31 


Organization: — . Speed — Temperature Power 
D/A: Triple 6-bit = — Supply 
RAM: 256 x 18 


No. of Pins: DIP 28, 
LCC 32 


Package Type 


Mixed Signal 


CMOS Mixed Signal Product Selection Guide 


AT76C1 76A see page 11-43 


Organization: — . Package Temperature Power 
D/A: Triple 6-bit D J1 J2 L P Range Supply 
RAM: 256 x 18 

C 
| 


No. of Pins: DIP 28, 
LCC 32, 44 


M 
C 
| 
M 
C 
| 
C 
C 


Package Type 


28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
44J, 44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


Temperature Range 


| © | Commercial (0°C to 70°C) 
| 1 | Industrial (-40°C to 85°C) 


Military (-55°C to 125°C) 
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Explanation of Atmel’s Part Number Code 


All Atmel part numbers begin with the prefix "AT." The next 
four to nine digits are the part number. In addition, Atmel parts 
can be ordered in particular speeds, in specific packages, for par- 
ticular temperature ranges and with the option of 883C level B 


military compliance. The available options for each part are 1 
listed at the back of its data sheet in its "Ordering Information" 
table. These options are designated by the following suffixes 
placed at the end of the Atmel part number, in the order given: 


Prefix Device- Suffix 
AT XXXXX XK X XK X 
4 
Processing 
Blank = Standard 
/883. = MIL-STD-883, Class B Fully Compliant 


B 


MIL-STD-883, Class B Non-Compliant 


Temperature Range 
C 


I 
M 


Package 


NX¥<2<CHUPOVZEOR-“OTIAD 
nut bunt t bd t t bt ub ub ot bot wet 


Speed 


Here is an example Atmel part number: 


Atmel 
Part Option 
Number — Designator 


Speed Type 


AT28C16E-25LM/883 


AIMEL 


Com Temp (0°C to 70°C) 
Ind Temp (-40°C to 85°C) 
Mil Temp (-55°C to 125°C) 


Ceramic Side Braze Dual Inline 
Cerpack 

Cerdip 

Flatpack 

Cerdip, One Time Programmable 
Plastic J-Lead Chip Carrier 
Ceramic J-Lead Chip Carrier 
Leadless Chip Carrier 

Ceramic Module 

Leadless Chip Carrier, One Time Programmable 
Plastic DIP 

Plastic Quad Flatpack 

SOIC 


Cerpack 
Ceramic Multi-Chip Module 


Package Temperature 


Range Processing 


1-109 


AIMEL 
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Product Information 


PEROMs (Flash) 


Standard Packag 


sy 
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Section 2 


CMOS E?PROMs 


Serial E7PROMs 


AT24C01 128 x 8 
AT24CO1A 128 x 8 

AT24C02 256 x 8 

AT24C04 512 x 8 

AT24C08 1024 x 8 
AT24C16 2048 x 8 
AT24C164 2048 x 8 
AT93C46 64x 16/128 x 8 
AT93C56 128 x 16/256 x 8 
AT93C57 128 x 16/256 x 8 
AT93C66 256 x 16/512 x 8 
AT59C11 64x 16/128x8 
AT59C22 128 x 16/256 x 8 
AT59C13 256 x 16/512x8 


Parallel E7-P ROMs 


AT28C04 512 x8 
AT28C16 2K x 8 
AT28C017 2K x 8 
AT28C64 8K x 8 
AT28C64X 8K x 8 
AT28HC64/L 8K x 8 
AT28LV64 8K x 8 
AT28C64B 8K x 8 
AT28PC64 8K x 8 
AT28C256 32K x 8 
AT28HC256/L 32Kx8 
AT28C 1024 64K x 16 
AT28C010 128K x 8 
AT28MC020 256K x 8 
AT28MC040 512K x 8 


E*PROM Application Notes 
Using Atmel’s CMOS E7PROMs 


E°PROM Data Protection.........cccseceseee- 


REIMER oo Or mcm —OTTANTS 


2-Wire, 1K Serial E7PROM...........ccceccceeeeee 2-3 
2-Wire, 1K Serial E7PROM...........ccccccceeeee 2-13 
2-Wire, 2K Serial E7PROM...........c:ceccceeeee 2-13 
2-Wire, 4K Serial E7PROM............c0ceec0see0- 2-13 
2-Wire, 8K Serial E7PROM............ecceceseeee 2-13 
2-Wire, 16K Serial E7PROM............0:000000+- 2-13 
2-Wire, 16K Serial E7PROM............cecce000- O07 
3-Wire, 1K Serial E7PROM............eccesceeeeee 2-37 
3-Wire, 2K Serial E7PROM.............0c0cc0000- 2-37 
3-Wire, 2K Serial E7PROM............esceceseeee 2-37 
3-Wire, 4K Serial E7PROM............0:c0c00000- 2-37 
4-Wire, 1K Serial E7PROM............ccceceseeee 2-51 
4-Wire, 2K Serial E7PROM............ccc0c0e00e- 2-51 
4-Wire, 4K Serial E7PROM...........0c0ccceee- 2-51 
AK E*PROM........cececceccescesccesseceeceensesseaeeees 2-63 
16K E27PROM......ccccecccecceccessececceseceeeeeeeseees 2-71 
16K E27PROM......cccceccccccesceseescecseseeseesseneess 2-81 
64K E*PROM........cecceccescesccecceseeseeseeeceecenees 2-91 
64K EPROM without Ready-Busy ........... 2-91 
High Speed, 64K Paged E*PROM............. 2-103 
3-Volt, 64K E7PROM ........ccccececccseseseeseeeeees 2-115 


64K E7PROM with S/W Data Protection ... 
64K E*PROM with Page Mode Write ........ 2-135 


256K E27PROM.......cccescesesessesesseceeseseeeseeans 2-147 
High Speed, 256K Paged E*PROM........... 2-159 
1-Mbit E7PROM.......c.ccceccscessscsseseeeseeeeeees 2-173 
1-Mbit E7PROM with 128-Byte Page......... 2-183 
2-Mbit Paged Module E7PROM.............0... 2-195 
4-Mbit Paged Module E°PROM.............00.. 2-205 
Jeeiacee'sd etoie paca sailstie sone eestesbaasini asda seegeeces 2-215 
peeve eines eee nes tearcopnciost adore beac feavasseednapaneoaninne 2-219 
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Features 
« Low Voltage and Standard Voltage Operation 
5.0 (Vcc = 4.5 V to 6.0 V) 
3.0 (Vcc = 2.7 V to 6.0 V) 
2.5 (Vcc = 2.5 V to 6.0 V) 
2.0 (Vcc = 1.8 V to 6.0 V) 
Internally Organized 128 x 8 
Two-wire Serial Interface 
Bidirectional Data Transfer Protocol 
Four-byte Page Write Mode 
Self-timed Write Cycle (10 ms max) 
High Reliability 
Endurance: 100,000 Cycles 
Data Retention: 100 Years 
« Eight-pin PDIP and JEDEC SOIC Packages 


Description 

The AT24CO01 provides 1024 bits of serial EEPROM (Electrically Erasable and 
Programmable Read Only Memory) organized as 128 words of 8 bits each. The 
device is optimized for use in many industrial and commercial applications where 
low power and low voltage operation are essential. The AT24C01 is available in 
space saving eight-pin PDIP and eight-pin SOIC packages and is accessed via a two- 
wire serial interface. Atmel's EEPROMsS are designed and tested for applications 
requiring extended endurance. The AT24C01 is guaranteed for 100,000 erase/write 
cycles and 100 year data retention. In addition, the entire family is available in 5.0 
V (4.5 V to 6.0 V), 3.0 V (2.7 V to 6.0 V), 2.5 V (2.5 V to 6.0 V) and 2.0 V (1.8 V 
to 6.0 V) versions. 


Pin Configurations 


Vcc 
TEST NC 
NC 
SCL 
NC 
SDA GND 
8-pin PDIP 8-pin SOIC 


Almet 


2-Wire 
Serial CMOS 
E2PROM 


1K (128 x 8) 


AImEt 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Operating Temperature 
Storage Temperature 


Voltage on Any Pin 
with Respect to Ground -1.0 Vto +7.0 V 


Maximum Operating Voltage .............. cesses 6.6 V 
GS CU CONG acs ctosensssesassnarwennrenntaaaniaanscnss 5.0 mA 


Block Diagram 


(8) Veo —_ 
(4) GND —— 


(6) SCL 
(5) SDA 


Dout 


Pin Description 

SERIAL CLOCK (SCL): The SCL input is used to positive 
edge clock data into the EPROM device and negative edge 
clock data out of each device. 


SERIAL DATA (SDA): The SDA pin is bidirectional for 
serial data transfer. This pin is open-drain driven and may 
be wire-ORed with any number of other open drain or open 
collector devices. 


*NOTICE: Stresses beyond those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only, and functional operation of the device at these or any 
other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


SERIAL 
CONTROL EN 
LOGIC 


H.V. PUMP/TIMING 
DATA REGISTER 


DATA WORD 
ADDR/COUNTER if 


SERIAL MUX 


Dout/ACK 
LOGIC 


Memory Page Organization 

AT24C01, 1K SERIAL E?PROM: Internally organized 
with 128, eight-bit words, the 1K requires a seven-bit data 
word address for random word addressing. 
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DC Characteristics 
Applicable over recommended operating range from: Tay = 40°C to +85°C, Vcc =+1.8 V to +6.0 V, Tac=0°C to +70°C, Voc =+1.8 
V to +6.0 V (unless otherwise noted) 


Symbol Parameter Test Condition Min Typ Max Units 


Voci“) Supply Voltage 1.8 5.0 6.0 V 
Voce Supply Voltage 2.5 5.0 6.0 V 
woes Supply Voltage 2.7 5.0 6.0 V 
Supply Current Voc = 5.0 V READ at 100 KHz 0.4 1.0 
= Supply Current Voc = 5.0 V WRITE at 100 KHz mA 
Isai) Standby Current Voc = 1.8 V Vin = Voc or Vss 0.6 3.0 pA 
Ispe Standby Current Voc = 2.5 V Vin = Voc or Vss pA 
Isp3 Standby Current Voc = 2.7 V Vin = Voc or Vss 1.6 4.0 pA 
Input Leakage Current Vin = Voc or Vss 0.10 3.0 yA 
lLo Output Leakage Current Vout = Vcc or Vss 0.05 pA 
Input High Level(2) Voc x 0.7 Voc + 0.5 V 


oa Output Low Level Vcc = 3.0 V lo. = 2.1 MA 0.40 V 
Vou Output Low Level Vcc = 1.8 V lo. = 1.5 mA 0.50 V 
Typical(s) Standby Power vs. Voltage Typical(3) Active Power vs. Voltage 


T=28C 


Standby Power (.W) 
Active Power (mW) 


ae | 


00 610 2.0 3.0 4.0 5.0 6.0 


Voltage (volts) Voltage (volts) 


Notes: 1. This parameter is preliminary and Atmel may change the specifications upon further characterization. 
2. Vy. min and Vy; max are reference only and are not tested. 
3. These graphs are for reference only and are not guaranteed by test. 
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AC Characteristics 


Applicable over recommended operating range from Ta = -40°C to +85°C, Vcc = +1.8 V t0 +6.0 V CL= 1 TTL Gate and 


100 pF (unless otherwise noted) 


Clock Pulse Width Low 
Clock Pulse Width High 


tLow 
ae 


Inputs Rise Time(2) 


Pin Capacitance) 


Symbol Parameter Units 
fScL Clock Frequency, SCL 


Noise Suppression Time(2) 
Clock Low to Data Out Valid 3.5 


a Time the bus must be free 
before a new transmission can start 
tHD.STA Start Hold Time 


tSU.STA Start Set-up Time 4.7 
tHD.DAT Data In Hold Time 0.0 
oe Data In Set-up Time 50 ns 


Inputs Fall Time(2) 
a STO Stop Set-up Time 4.7 
Data Out Hold Time 
= Write Cycle Time 5 10 ms 


4.7 


4.7 LS 


Le! 


Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +1.8 V 


Test Condition 


Conditions 


Input/Output Capacitance (SDA) Vyo =0V 


Input Capacitance (Ap, Ay, A2, SCL) 


Note: 2. This parameter is characterized and is not 100% tested. 


Device Operation 

CLOCK and DATA TRANSITIONS: The SCL and SDA 
bus lines are normally pulled high with a resistor. Data on 
the SDA bus may change only during SCL low time periods 
(refer to Data Validity Timing diagram). Data changes 
during SCL high periods will indicate a start or stop condition 
as defined below. 


START CONDITION: A high-to-low transition of SDA 
with SCL high is a start condition which must precede any 
other command (refer to Start and Stop Definition Timing 
diagram). 


STOP CONDITION: A low-to-high transition of SDA 
with SCL high is a stop condition which terminates all 
communications. After a read sequence, the stop command 


Vin=0V 


will place the E7PROM in a standby power mode (refer to 
Start and Stop Definition Timing Diagram). 


ACKNOWLEDGE: All addresses and data words are 
serially transmitted to and from the E7PROM in eight-bit 
words. Any device on the system bus receiving data (when 
communicating with the E7PROM) must pull the SDA bus 
low to acknowledge that it has successfully received each 
word. This must happen during the ninth clock cycle after 
each word received and after all other system devices have 
freed the SDA bus. The E?PROM will likewise 
acknowledge by pulling SDA low after receiving each 
address or data word (refer to Acknowledge Response from 
Receiver Timing diagram). 
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AT24C01 


Bus Timing SCL: Serial Clock SDA: Serial Data I/O 


~ _ 
tSU.STA ¥ 


te ee tr 
.Y 
L -_ = : 
tupsta _- ‘HD.DAT tsU.DAT tsu.sTO 


SDA IN 


[TX 


tBUF 


Write Cycle Timing SCL: Serial Clock SDA: Serial Data I/O 


STOP START 
CONDITION CONDITION 


Note: The write cycle time twr is the time from a valid stop condition of a write sequence to the end of the internal clear/write cycle. 


AIMEL - 


Data Validity 


/\ 


DATA 


CHANGE 


Acknowledge Response from Receiver 


SCL 1 


DATA OUTPUT —— 
FROM 
TRANSMITTER -~ 


DATA OUTPUT ~~ 
FROM 
RECEIVER 


START 
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ACKNOWLEDGE 


Write Operations 

BYTE WRITE: Following a start condition, a write operation 
requires a seven-bit data word address and a low write bit. 
Upon receipt of this address, the E7PROM will again 
respond with an acknowledge on SDA and then clock in the 
first eight-bit data word. Following receipt of the eight-bit 
data word, the E7PROM will acknowledge SDA and the 
data transmitting device must terminate the write sequence 
with a stop condition. At this time the E7PROM enters an 
internally-timed write cycle to the nonvolatile memory. 
All inputs are disabled during this write cycle and the 
E?PROM will not respond for communication until the 
write is complete (refer to Figure 1). 


PAGE WRITE: The AT24C01 is capable of a four-byte 
page write. 


A page write is initiated the same as a byte write but the data 
transmitting device does not send a stop condition after the 
first data word is clocked in. Instead, after the EPROM 
acknowledges receipt of the first data word, the data 
transmitting device can transmit up to three more data 
words. The E7PROM will respond with an acknowledge on 
SDA after each data word received. The transmitting 
device must terminate the page write sequence with a stop 
condition (refer to Figure 2). 


The data word address lower two bits are internally 
incremented following the receipt of each data word. The 
higher five data word address bits are not incremented 
retaining the memory page row location. If more than four 
data words are transmitted to the E7PROM, the data word 
address will “roll over” and previous data will be overwritten. 


ACKNOWLEDGE POLLING: Once the internally-timed 
write cycle has started and the E7*PROM inputs are disabled, 


Figure 1. Byte Write 


S 
T 
A 
R WORD 
T ADDRESS (n) 
SDA LINE 
M LR 
S S/ 
B BW 


AQ 


acknowledge polling can be initiated. This involves sending 
a Start condition followed by the device address word. The 
read/write bit is representative of the operation desired. 
Only if the internal write cycle has completed will the 
E?PROM respond with an acknowledge on the SDA bus 
allowing the read or write sequence to continue. 


Read Operations 

Read operations are initiated the same way as write operations 
with the exception that the read/write select bit in the device 
address word is set to one. There are two read operations: 
byte read and sequential read. 


BYTEREAD: A byte read is initiated with a start condition 
followed by a seven-bit data word address and a high read 
bit. The AT24C01 will respond with an acknowledge and 
then serially transmit eight data bits to the SDA bus. The 
device reading the data does not respond with an 
acknowledge (leaving the SDA bus high) but does generate 
a following stop condition (refer to Figure 3). 


SEQUENTIAL READ: Sequential reads are initiated the 
same as a byte read. After the device reading the data 
receives an eight-bit data word, it responds with an 
acknowledge. As long as the E?7PROM receives an 
acknowledge, it will continue to increment the data word 
address and serially clock out sequential data words. When 
the memory address limit is reached, the data word address 
will “roll over” and the sequential read will continue. The 
sequential read operation is terminated when the device 
reading the data does not respond with an acknowledge 
(leaving the SDA bus high) but does generate a following 
stop condition (refer to Figure 4). 


DATAn 


AO }\ 
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Figure 2. Page Write 


S 
T } 
A T 
B WORD 0 
T ADDRESS (n) DATAn DATAn+1 DATAn+3 & 
SDA LINE 
¥ LRA A A A 
s $/C c c c 
B BW K K K K 
Figure 3. Byte Read 
$ 
t $ 
A T 
R WORD 8) 
T  ADDRESSn - 
M LRA DATAn N 
S s/c fe) 
B BW K 
A 
Cc 
K 
Figure 4. Sequential Read 
+) 
A A A 3 
C Cc C @) 
ADDRESS K K K o 
SDA LINE 
DATA n DATAn+1 DATAn+2 DATAn+x 
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Ordering Information 


os [ime [a] i [oar 


AT24C01-10PC 8P3 Commercial 
A1T24C01-10SC 8S1 (0°C to +70°C) 
AT24C01-10PI 8P3 industrial 
AT24C01-10SI 8S1 (-40°C to +85°C) 
AT24C01-10PC-2.7 8P3 Commercial 
AT24C01-10SC-2.7 8S1 
A1T24C01-10PI-2.7 8P3 
AT24C01-10SI-2.7 8S1 


(0°C to +70°C) 
AT24C01-10PC-2.5 8P3 
AT24C01-10SC-2.5 8S1 
AT24C01-10PI-2.5 8P3 
AT24C01-10SI-2.5 8S1 


Industrial 
(-40°C to +85°C) 


Commercial 
(0°C to +70°C) 


Industrial 
(-40°C to +85°C) 


Commercial 
(0°C to +70°C) 


Industrial 
(-40°C to +85°C) 


800 AT24C01-10PC-1.8 8P3 
AT24C01-10SC-1.8 8S1 
AT24C01-10PI-1.8 8P3 
AT24C01-10SI-1.8 8S1 


Package Type 


8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


Options 


Standard Operation (4.5 V to 6.0 V) 


eiank 
27 | Lowvotage@7vosoySSOSCSC~—S~SSSS 
25 
a8 


Low Voltage 26 V to 6.0 OV; 
Low Voltage (1.8 V to 6.0 V) 
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Features 
¢ Low Voltage and Standard Voltage Operation 
5.0 (Vcc = 4.5 V to 6.0 V) 
3.0 (Vcc = 2.7 V to 6.0 V) 
2.5 (Vcc = 2.5 V to 6.0 V) 
2.0 (Vcc = 1.8 V to 6.0 V) 
Internally Organized 128 x 8 (1K), 256 x 8 (2K), 512 x 8 (4K), 
1024 x 8 (8K) or 2048 x 8 (16K) 
Two-wire Serial Interface 
Bidirectional Data Transfer Protocol 
Eight-byte Page (1K, 2K), 16-byte Page (4K, 8K, 16K) Write Modes 
Partial Page Writes Are Allowed 
Self-timed Write Cycle (10 ms max) 
High Reliability 
Endurance: 100,000 Cycles 
Data Retention: 100 Years 
¢ Eight and Fourteen-pin JEDEC SOIC and Eight-pin PDIP Packages 


Description 

The AT24C01A/02/04/08/16 provides 1024/2048/4096/8 192/16384 bits of serial 
EEPROM (Electrically Erasable and Programmable Read Only Memory) organized 
as 128/256/512/1024/2048 words of 8 bits each. The device is optimized for use in 
many industrial and commercial applications where low power and low voltage 
operation are essential. The AT24C01A/02/04/08/16 is available in space saving 
eight-pin PDIP, eight-pin and fourteen-pin SOIC packages and is accessed via a 
two-wire serial interface. Atmel's EEPROMs are designed and tested for applications 
requiring extended endurance. The AT24C01A/02/04/08/16 is guaranteed for 
100,000 erase/write cycles and 100 year data retention. In addition, the entire family 
is available in 5.0 V (4.5 V to 6.0 V), 3.0 V (2.7 V to 6.0 V), 2.5 V (2.5 V to 6.0 V) 
and 2.0 V (1.8 V to 6.0 V) versions. 


Pin Configurations 


Address Inputs 


son | SefalData 
Serial Clock 


L 
Test Input (GND or Vcc) 


GND 


8-pin PDIP 8-pin SOIC 


Almet 


2-Wire 
Serial CMOS 
E2PROMs 


1K (128 x 8) 
2K (256 x 8) 
4K (512 x 8) 
8K (1024 x 8) 
16K (2048 x 8) 
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Block Diagram 


ADDRESS 


ince COMPARATOR 


(3) A2 
(2) Ay DATA WORD 
(1) Ao ADDR/COUNTER 


Pin Description 

SERIAL CLOCK (SCL): The SCL input is used to positive 
edge clock data into each E7PROM device and negative 
edge clock data out of each device. 


SERIAL DATA (SDA): The SDA pin is bidirectional for 
serial data transfer. This pin is open-drain driven and may 
be wire-ORed with any number of other open drain or open 
collector devices. 


DEVICE/PAGE ADDRESSES (A2, Al, AO): The A2, Al 
and AO pins are device address inputs that are hard wired 
for the AT24CO1A and the AT24C02. As many as eight 
1K/2K devices may be addressed on a single bus system 
(device addressing is discussed in detail under the Device 
Addressing section). 


The AT24C04 uses the A2 and A1 inputs for hard wire 
addressing and a total of four 4K devices may be addressed 
on a single bus system. The AO pin is a no connect. 


The AT24CO08 only uses the A2 input for hardwire 
addressing and a total of two 8K devices may be addressed 
on a single bus system. The AO and Al pins are no 
connects. 


C=. a) co 


COMP 


CONTROL 
LOGIC 


H.V. PUMP/TIMING 
DATA REGISTER 


The AT24C16 does not use the device address pins which 
limits the number of devices on a single bus to one. The AO, 
Al and A2 pins are no connects. 


Memory Organization 

AT24CO1A, 1K SERIAL E?PROM: Internally organized 
with 128 eight-bit words, the 1K requires a seven-bit data 
word address for random word addressing. 


AT24C02, 2K SERIAL E?PROM: Intemally organized 
with 256 eight-bit words, the 2K requires an eight-bit data 
word address for random word addressing. 


AT24C04, 4K SERIAL E?PROM: The 4K is internally 
organized with two blocks of 256 eight-bit words. Random 
word addressing requires a nine-bit data word address. 


AT24C08, 8K SERIAL E?PROM: The 8K is internally 
organized with four blocks of 256, eight-bit words. Random 
word addressing requires a ten-bit data word address. 


AT24C16, 16K SERIAL E*PROM: The 16K is internally 
organized witheight blocks of 256, eight-bit words. Random 
word addressing requires an eleven-bit data word address. 


Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under "Absolute Maximum 


Operating Temperature -55°C to +125°C Ratings" may cause permanent damage to the device. This is a stress 
Storage Temperature -65°C to +150°C rating only, and functional operation of the device at these or any 
Voltage on Any Pin other conditions beyond those indicated in the operational sections 

of this specification is not implied. Exposure to absolute maximum 


with Respect to Ground..................6. 1.0 Vto+7.0V rating conditions forexiended porids may alfectdevicereliabifity: 
Maximum Operating Voltage ..............:eeeesseeeeees 6.6 V 


OS CURSE CCUTOL i asssnnsascanscianratsreceesiarecancsceine 5.0mA 


DC Characteristics 
Applicable over recommended operating range from: Tay = -40°C to +85°C, Vcc =+1.8 V to +6.0 V, Tac =0°C to +70°C, Vec=+1.8 


V to +6.0 V (unless otherwise noted) 


Symbol Parameter Test Condition Min Typ Max Units 
Voci@) Supply Voltage 1.8 5.0 6.0 V 
Voce Supply Voltage 25 5.0 6.0 V 
Voc3 Supply Voltage 27 5.0 6.0 V 
loc Supply Current Voc = 5.0 V READ at 100 KHz 0.4 1.0 mA 
loc Supply Current Voc = 5.0 V WRITE at 100 KHz 2.0 3.0 mA 
Isp1) Standby Current Voc = 1.8 V Vin = Voc or Vss 0.6 3.0 pA 
Ispo Standby Current Voc = 2.5 V Vin = Voc or Vss 1.4 4.0 pA 
Isp3 Standby Current Voc = 2.7 V Vin = Voc or Vss 1.6 4.0 pA 
Isp Standby Current Voc = 5.0 V Vin = Voc or Vss 8.0 18.0 pA 
lu Input Leakage Current Vin = Voc or Vss 0.10 3.0 pA 
ILo Output Leakage Current Vout = Vcc or Vss 0.05 3.0 pA 
VIL Input Low Level(2) -1.0 Voc x 0.3 V 
Vin Input High Level(2) Voc x 0.7 Voc + 0.5 V 
VoL2 Output Low Level Voc = 3.0 V lo. = 2.1 MA 0.40 V 
Vout Output Low Level Vcc = 1.8 V lo = 1.5 mA 0.50 V 

Typical(3) Standby Power vs. Voltage Typical(s) Active Power vs. Voltage 

12 3.0 
= 10 S READ 
or E20 
B F T=29C é. - J T =2C 
; AP 
a < 

° 0.0 Ze 

~~ i a a 0.0 10 20 3.0 40 50 6.0 
Voltage (volts) Voltage (volts) 


Notes: 1. This parameter is preliminary and Atmel may change the specifications upon further characterization. 
2. Vy min and Vy; max are reference only and are not tested. 
3. These graphs are for reference only and are not guaranteed by test. 
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AC Characteristics 


Applicable over recommended operating range from T4 = -40°C to +85°C, Voc = +1.8 V to +6.0 V CL= 1 TTL Gate and 
100 pF (unless otherwise noted) 


Symbol Parameter Min Typ Max Units 


fsci Clock Frequency, SCL 
tLlow Clock Pulse Width Low 4.7 
wi Clock Pulse Width High 


Noise Suppression Time(2) 


Clock Low to Data Out Valid 3.5 
Time the bus must be free 


before a new transmission 4.7 
can start 
tHD.STA Start Hold Time 4.0 


tSU.STA Start Set-up Time 4.7 
tHD.DAT Data In Hold Time 0.0 


us 
us 
Us 
us 
us 


Pin Capacitance 


Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +1.8 V 


Test Condition 


Conditions 


Input/Output Capacitance (SDA) Vvo =0V 


Input Capacitance (Ap, A;, Az, SCL) 
2. This parameter is characterized and is not 100% tested. 


Note: 


Device Operation 

CLOCK and DATA TRANSITIONS: The SCL and SDA 
bus lines are normally pulled high with a resistor as shown 
in Figure 7. Data on the SDA bus may change only during 
SCL low time periods (refer to Data Validity Timing 
diagram). Data changes during SCL high periods will 
indicate a start or stop condition as defined below. 


START CONDITION: A high-to-low transition of SDA 
with SCL high is a start condition which must precede any 
other command (refer to Start and Stop Definition Timing 
diagram). 


STOP CONDITION: A low-to-high transition of SDA 
with SCL high is a stop condition which terminates all 
communications. After a read sequence, the stop command 


Vin=0V 


will place the E7PROM in a standby power mode (refer to 
Start and Stop Definition Timing Diagram). 


ACKNOWLEDGE: All addresses and data words are 
serially transmitted to and from the E7PROM in eight-bit 
words. Any device on the system bus receiving data (when 
communicating with the E7PROM) must pull the SDA bus 
low to acknowledge that it has successfully received each 
word. This must happen during the ninth clock cycle after 
each word received and after all other system devices have 
freed the SDA bus. The E?PROM will likewise 
acknowledge by pulling SDA low after receiving each 
address or data word (refer to Acknowledge Response from 
Receiver Timing diagram). 


AT24C01 A/2/4/8/16 


Bus Timing SCL: Serial Clock SDA: Serial Data I/O 


SCL 


tsu.STO 


SDA IN 


tBUF 


Write Cycle Timing SCL: Serial Clock SDA: Serial Data I/O 


STOP START 
CONDITION CONDITION 


Note: The write cycle time twr is the time from a valid stop condition of a write sequence to the end of the internal clear/write cycle. 
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Data Validity 


SDA 


DATA 
CHANGE 


Acknowledge Response from Receiver 


SCL 1 8 

DATA OUTPUT = y 

FROM a 
TRANSMITTER = 
DATA OUTPUT — ~~ 

FROM 

RECEIVER 
START ACKNOWLEDGE 


Device Addressing 


The 1K, 2K, 4K, 8K and 16K EPROM devices all require The device address word consists of a mandatory one, zero 
an eight-bit device address word following astartcondition —_ sequence for the first four most significant bits as shown. 
to enable the chip for a read or write operation (refer to This is common to all the E7PROM devices. 

Figure 1). 


The next three bits are the A2, Al and AO device address bits 
for the 1K/2K E*PROM. These three bits must compare to 
their corresponding hard-wired input pins. 


The 4K E?PROM only uses the A2 and Al device address 
bits with the third bit being a memory page address bit. The 
two device address bits must compare to their corresponding 
hard-wired input pins. The AO pin is no connect. 


The 8K E?PROM only uses the A2 device address bit with 
the next two bits being for memory page addressing. The 
A2 bit must compare to its corresponding hard-wired input 
pin. The Al and AO pins are no connect. 


The 16K does not use any device address bits but instead the 
three bits are used for memory page addressing. These page 
addressing bits on the 4K and 16K devices should be 
considered the most significant bits of the data word address 
which follows. The AO, Al and A2 pins are no connect. 


The eighth bit of the device address is the read/write 
operation select bit. A read operation is initiated if this bit 
is high and a write operation is initiated if this bit is low. 


Upon a compare of the device address, the E7PROM will 
Output an acknowledge on the SDA bus. If a compare is not 
made, the chip will return to a standby state. 


Write Operations 

BYTE WRITE: A write operation requires an eight-bit data 
word address following the device address word and 
acknowledgement. Upon receipt of this address, the 
E?PROM will again respond with an acknowledge on SDA 
and then clock in the first eight-bit data word. Following 
receipt of the eight-bit data word, the E7PROM will 
acknowledge SDA and the data transmitting device must 
terminate the write sequence with a stop condition. At this 
time the E7PROM enters an internally-timed write cycle to 
the nonvolatile memory. All inputs are disabled during this 
write cycle and the E27PROM will not respond for 
communication until the write is complete (refer to Figure 
2). 


PAGE WRITE: The 1K/2K EPROM is capable of aneight- 
byte page write, and the 4K, 8K and 16K devices are 
capable of sixteen-byte page writes. 


A page write is initiated the same as a byte write, but the data 
transmitting device does not send a stop condition after the 
first data word is clocked in. Instead, after the E-PROM 
acknowledges receipt of the first data word, the data 
transmitting device can transmit up to seven (1K/2K) or 
fifteen (4K, 8K, 16K) more data words. The E7PROM will 
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respond with an acknowledge on SDA after each data word 
received. The transmitting device must terminate the page 
write sequence with a stop condition (refer to Figure 3). 


The data word address lower three (1K/2K) or four (4K, 8K, 
16K) bits are internally incremented following the receipt 
of each data word. The higher data word address bits are not 
incremented retaining the memory page row location. If 
more than eight (1K/2K) or sixteen (4K, 8K, 16K) data 
words are transmitted to the E7PROM, the data word 
address will “roll over” and previous data will be overwritten. 


ACKNOWLEDGE POLLING: Once the internally-timed 
write cycle has started and the E-PROM inputs are disabled, 
acknowledge polling can be initiated. This involves sending 
a Start condition followed by the device address word. The 
read/write bit is representative of the operation desired. 
Only if the internal write cycle has completed will the 
E?PROM respond with an acknowledge on the SDA bus 
allowing the read or write sequence to continue. 


Read Operations 

Read operations are initiated the same way as write operations 
with the exception that the read/write select bit in the device 
address word is set to one. There are three read operations: 
current address read, random address read and sequential 
read. 


CURRENT ADDRESS READ: The internal data word 
address counter maintains the last address accessed during 
the last read or write operation, incremented by one. This 
address stays valid between operations as long as the chip 
power is maintained. If the last operation was a read at 
address n, then the current address would be n+1. Ifthe final 
Operation was a write at address n, the current address 
would again be n+1 with one exception. If address n was the 
eighth (1K/2K) or sixteenth (4K, 8K, 16K) byte address in 
the memory row, the incremented address n+1 would “roll 
over” to the 1st byte address of the same row. 


Once the device address with the read/write select bit set to 
one is clocked in and acknowledged by the E7PROM, the 
current address data word is serially clocked out. The 
device that is reading the data does not respond with an 
acknowledge (leaving the SDA bus high) but does generate 
a following stop condition (refer to Figure 4) 


RANDOM READ: A random read requires a “dummy” 
byte write sequence to load in the data word address. Once 
the device address word and data word address are clocked 
in and acknowledged by the E7PROM, the transmitting 
device must generate another start condition. The 
transmitting device now initiates a current address read by 


2-19 


AIMEL 


sending a device address with the read/write select bit high. 
The E7PROM acknowledges the device address and serially 
clocks out the data word. The device reading the data does 
not respond with an acknowledge (leaving the SDA bus 
high) but does generate a following stop condition (refer to 
Figure 5). 


SEQUENTIAL READ: Sequential reads are initiated by 
either a current address read orarandom address read. After 
the device reading the data receives a data word, it responds 


Figure 1. Device Address 


MSB 


Figure 2. Byte Write 


DEVICE 


W 
R 
i 
T 
ADDRESS E 


Ss 
T 
A 
R 
T 


wax [1 [0] 1] o | Al Ai] Ao RW 
. 
. 
= 


WORD ADDRESS 


with an acknowledge. As long as the E7*PROM receives an 
acknowledge, it will continue to increment the data word 
address and serially clock out sequential data words. When 
the memory address limit is reached, the data word address 
will “roll over’ and the sequential read will continue. The 
sequential read operation is terminated when the device 
reading the data does not respond with an acknowledge 
(leaving the SDA bus high) but does generate a following 
stop condition (refer to Figure 6). 


LSB 


S 
T 
e) 
DATA P 


tA LRA A A 
S S/C c c 
B BW K K K 
Figure 3. Page Write 
Ss WwW 
T R S 
A I T 
R DEVICE T 6) 
T ADDRESS E WORD ADDRESS (n) DATA (n) DATA (n + 1) DATA (n + x) P 
SDA LINE 
M LRA A A A A 
S s/c c C C C 
B BW K K K K K 


(x = Don't care bit for 1K) 


Figure 4. Current Address Read 


S 
T R 
A E 
R DEVICE A 
T ADDRESS D 
SDA LINE 
we LRA 
S $/c 
B BW K 
Figure 5. Random Read 
Ss WwW 
| R 
A ! 
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| B BW K [s 
DUMMY WRITE 
Figure 6. Sequential Read 
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Ordering Information 


Ordering Code Operation Range 
AT24C01A-10PC 8P3 Commercial 
AT24C01A-10SC 8S1 (0°C to +70°C) 
AT24C01A-10PI 8P3 Industrial 
AT24C01A-10SI 8S1 (-40°C to +85°C) 
AT24C01A-10PC-2.7 8P3 Commercial 
AT24C01A-10SC-2.7 8S1 (0°C to +70°C) 
AT24C01A-10PI-2.7 8P3 Industrial 
AT24C01A-10SI-2.7 8S1 (-40°C to +85°C) 
AT24C01A-10PC-2.5 8P3 Commercial 
AT24C01A-10SC-2.5 8S1 (0°C to +70°C) 


AT24C01A-10PI-2.5 8P3 Industrial 

AT24C01A-10S1-2.5 8S1 (-40°C to +85°C) 

AT24C01A-10PC-1.8 8P3 Commercial 
8S1 (0°C to +70°C) 


Package Type 
8 Lead, 0.300" Wide, Plastic Dual InLine Package (PDIP) 


| 851 | 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 
Options 


| Blank | Standard Operation (4.5 V to 6.0 V) 


-2.7 Low Voltage (2.7 V to 6.0 V) 


| -2.5 | Low Voltage (2.5 V to 6.0 V) 
| 18 Low Voltage (1.8 V to 6.0 V) 


AT24C01 A/2/4/8/16 


Ordering Information 


Icc a Isp (max) 


AT24C02-10PC 8P3 Commercial 
AT24C02N-10SC (0°C to +70°C) 
AT24C02-10SC 


AT24C02-10PI Industrial 
AT24C02N-10S I (-40°C to +85°C) 
AT24C02-10SI 


Commercial 
(0°C to +70°C) 


AT24C02-10PC-2.7 
AT24C02N-10SC-2.7 
AT24C02-10SC-2.7 


AT24C02-10PI-2.7 
AT24C02N-10SI-2.7 
AT24C02-10SI-2.7 


Industrial 
(-40°C to +85°C) 


Commercial 
(0°C to +70°C) 


AT24C02-10PC-2.5 
AT24C02N-10SC-2.5 
AT24C02-10SC-2.5 


Industrial 
(-40°C to +85°C) 


AT24C02-10PI-2.5 
AT24C02N-10SI-2.5 
AT24C02-10S1-2.5 


Commercial 
(0°C to +70°C) 


AT24C02-10PC-1.8 
AT24C02N-10SC-1.8 
AT24C02-10SC-1.8 


AT24C02-10PI-1.8 Industrial 
AT24C02N-10SI-1.8 (-40°C to +85°C) 
AT24C02-10SI-1.8 


Package Type 


8 Lead, 0.300" Wide, Plastic Dual InLine Package (PDIP) 


| 881 | 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 
Options 


| Blank — Standard Operation (4.5 V to 6.0 V) 
Low Voltage (2.7 V to 6.0 V) 


| -2.5 | Low Voltage (2.5 V to 6.0 V) 
| 18 | Low Voltage (1.8 V to 6.0 V) 
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Ordering Information 


scat Ordering Code Package Operation Range 


AT24C04-10PC 8P3 Commercial 
AT24C04N-10SC 8S1 (0°C to +70°C) 
AT24C04-10SC 14S 


AT24C04-10PI 8P3 Industrial 
AT24C04N-10SI 8S1 (-40°C to +85°C) 
AT24C04-10SI 14S 


AT24C04-10PC-2.7 8P3 Commercial 
AT24C04N-10SC-2.7 8S1 (0°C to +70°C) 
AT24C04-10SC-2.7 14S 


AT24C04-10PI-2.7 8P3 Industrial 
AT24C04N-10SI-2.7 8S1 (-40°C to +85°C) 
AT24C04-10SI-2.7 14S 


AT24C04-10PC-2.5 8P3 Commercial 
AT24C04N-10SC-2.5 8S1 (0°C to +70°C) 
AT24C04-10SC-2.5 14S 


AT24C04-10PI-2.5 8P3 Industrial 
AT24C04N-10S1-2.5 8S1 (-40°C to +85°C) 
AT24C04-10S1-2.5 14S 


AT24C04-10PC-1.8 8P3 Commercial 


AT24C04N-10SC-1.8 8S1 (0°C to +70°C) 
AT24C04-10SC-1.8 14S 


AT24C04-10PI-1.8 Industrial 
AT24C04N-10SI-1.8 (-40°C to +85°C) 
AT24C04-10SI-1.8 


Package Type 
8 Lead, 0.300" Wide, Plastic Dual InLine Package (PDIP) 
8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 
14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 
Options 
Standard Operation (4.5 V to 6.0 V) 
Low Voltage (2.7 V to 6.0 V) 


Low Voltage (2.5 V to 6.0 V) 
Low Voltage (1.8 V to 6.0 V) 


AT24C01A/2/4/8/16 


Ordering Information 


Icc (max) | Isp (max) 
aS SO] a | omc [ome [oem 


100 AT24C08-10PC 8P3 Commercial 
AT24C08N-10SC (0°C to +70°C) 
AT24C08-10SC 


Industrial 
(-40°C to +85°C) 


AT24C08-10PI 
AT24C08N-10S! 
AT24C08-10SI 


Commercial 
(0°C to +70°C) 


AT24C08-10PC-2.7 
AT24C08N-10SC-2.7 
AT24C08-10SC-2.7 


Industrial 
(-40°C to +85°C) 


AT24C08-10PI-2.7 
AT24C08N-10SI-2.7 
AT24C08-10SI-2.7 


Commercial 
(0°C to +70°C) 


AT24C08-10PC-2.5 
AT24C08N-10SC-2.5 
AT24C08-10SC-2.5 


AT24C08-10PI-2.5 
AT24C08N-10S1-2.5 
AT24C08-10SI-2.5 


Industrial 
(-40°C to +85°C) 


Commercial 
(0°C to +70°C) 


AT24C08-10PC-1.8 
AT24C08N-10SC-1.8 
AT24C08-10SC-1.8 


AT24C08-10PI-1.8 
AT24C08N-10SI-1.8 
AT24C08-10SI-1.8 


Industrial 
(-40°C to +85°C) 


Package Type 


8 Lead, 0.300" Wide, Plastic Dual InLine Package (PDIP) 
8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 
14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 


Standard Operation (4.5 V to 6.0 V) 
-2.7 Low Voltage (2.7 V to 6.0 V) 


25 | Low Voltage (2.5 V to 6.0 V) 
| -1.8 | Low Voltage (1.8 V to 6.0 V) 
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Ordering Information 


Package Type 
| 8P3 8 Lead, 0.300" Wide, Plastic Dual InLine Package (PDIP) 
| 8S1 | 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 


AT24C16-10PC 
AT24C16N-10SC 
AT24C16-10SC 


AT24C16-10PI 
AT24C16N-10SI 
AT24C16-10SI 


AT24C16-10PC-2.7 
AT24C16N-10SC-2.7 
AT24C16-10SC-2.7 


AT24C16-10PI-2.7 
AT24C16N-10SI-2.7 
AT24C16-10SI-2.7 


AT24C16-10PC-2.5 
AT24C16N-10SC-2.5 
AT24C16-10SC-2.5 


AT24C16-10PI-2.5 
AT24C16N-10S1-2.5 
AT24C16-10SI-2.5 


AT24C16-10PC-1.8 
AT24C16N-10SC-1.8 
AT24C16-10SC-1.8 


AT24C16-10PI-1.8 


AT24C16N-10SI-1.8 
AT24C16-10SI-1.8 


Options 


Operation Range 


Commercial 
(0°C to +70°C) 


Industrial 
(-40°C to +85°C) 


Commercial 
(0°C to +70°C) © 


Industrial 
(-40°C to +85°C) 


Commercial 
(0°C to +70°C) 


Industrial 
(-40°C to +85°C) 


Commercial 
(0°C to +70°C) 


Industrial 
(-40°C to +85°C) 


| Blank — Standard Operation (4.5 V to 6.0 V) 
-2.7 Low Voltage (2.7 V to 6.0 V) 


| +25 | Low Voltage (2.5 V to 6.0 V) 
| 18 | Low Voltage (1.8 V to 6.0 V) 


Features 
¢ Low Voltage and Standard Voltage Operation 
5.0 (Vcc = 4.5 V to 6.0 V) 
3.0 (Vcc = 2.7 V to 6.0 V) 
2.5 (Vcc = 2.5 V to 6.0 V) 
2.0 (Vcc = 1.8 V to 6.0 V) 
Internally Organized 2048 x 8 (16K) 
Two-wire Serial Interface 
Bidirectional Data Transfer Protocol 
16-byte Page Write Mode 
Partial Page Writes Are Allowed 
Self-timed Write Cycle (10 ms max) 
High Reliability 
Endurance: 100,000 Cycles 
Data Retention: 100 Years 
¢ Eight-pin JEDEC SOIC and Eight-pin PDIP Packages 


Description | 
The AT24C164 provides 16384 bits of serial EEPROM (Electrically Erasable and 
Programmable Read Only Memory) organized as 2048 words of 8 bits each. The 
device is optimized for use in many industrial and commercial applications. 
low power and low voltage operation are essential. The AT24C164 i 
space saving eight-pin PDIP, and eight-pin SOIC packages and is a 
two-wire serial interface. Atmel's EEPROMs are designed and tested 
requiring extended endurance. The AT24C164 is guaranteed f 
write cycles and 100 year data retention. In addition, this device 
V (4.5 V to 6.0 V), 3.0 V (2.7 V to 6.0 V), 2.5 V (2.5 V to 
to 6.0 V) versions. 


Pin Configurations 


Address Inputs | 


Serial Data : 


8-pin PDIP 8-pin SOIC 
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Block Diagram 


(8) Vee — 
(4) GND —— 
(7) WC 


(6) SCL 
(5) SDA 


ADDRESS 


EL COMPARATOR 


(3) Ag 
(2) Ay 


a 
- 
(1) Ao | 


Dout 


Pin Description 

SERIAL CLOCK (SCL): The SCL input is used to positive 
edge clock data into each E7PROM device and negative 
edge clock data out of each device. 


SERIAL DATA (SDA): The SDA pin is bidirectional for 
serial data transfer. This pin is open-drain driven and may 
be wire-ORed with any number of other open drain or open 
collector devices. 


DEVICE SELECT (A2, Al, AO): The A2, Al and AO pins 
are device address inputs that may be hardwired or actively 
driven to Vpp or Vss. These inputs allow the selection for 
one of eight possible devices sharing a common bus. The 


SERIAL 
CONTROL 
LOGIC 


EN H.V. PUMP/TIMING 


SERIAL MUX 


Dout/ACK 
LOGIC 


AT24C164 can be made compatible with the AT24C16 by 
tying A2, Al and AO to Vss. Device addressing is 
discussed in detail in the device addressing section. 


WRITE CONTROL (WC): The write control input, when 
tied low to Vss, allows normal write operations. When WC 
is tied high to Vcc, all write operations to the memory are 
inhibited. 


Memory Organization 

The AT24C164 is internally organized with eight blocks of 
256, eight-bit words. Random word addressing requires an 
eleven-bit data word address. 
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Absolute Maximum Ratings* 

*NOTICE: Stresses beyond those listed under "Absolute Maximum 
Operating Temperature “56°C to +125°C Ratings" may cause permanent damage to the device. This is a stress 
Storage Temperature -65°C to +150°C rating only, and functional operation of the device at these or any 
other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


Voltage on Any Pin 


with Respect to Ground..................... 1.0 V to +7.0 V 
Maximum Operating Voltage .............. ce eeeseeeeees 6.6 V 
bode Li Lge ae 5.0 mA 


DC Characteristics 
Applicable over recommended operating range from: Tay = 40°C to +85°C, Vcc = +1.8 V to +6.0 V, Tac =0°C to +70°C, Vec=+1.8 
V to +6.0 V (unless otherwise noted) 


Symbol Parameter Test Condition Min Typ Max 


Vocoi]) Supply Voltage 1.8 5.0 6.0 
Voce Supply Voltage 
Voc3 Supply Voltage 2.7 5.0 6.0 V 
ce Supply Voltage 4.5 5.0 5.5 

Supply Current Voc = 5.0 V WRITE at 100 KHz 2.0 3.0 
a Standby Current Voc = 1.8 V Vin = Voc or Vss 
Ispo Standby Current Voc = 2.5 V Vin = Voc or Vss 1.4 4.0 
Isp3 Standby Current Vcc = 2.7 V Vin = Voc or Vss 1.6 4.0 
Isp4 Standby Current Voc = 5.0 V Vin = Voc or Vss 8.0 18.0 
= Input Leakage Current Vin = Voc orVss 0.10 3.0 


Output Leakage Current Vout = Vcc or Vss 0.05 3.0 
Input Low Level(2) Voc x 0.3 
Input High Level(2) Voc x 0.7 Voc + 0.5 


can Output Low Level Voc = 3.0 V lo. = 2.1 MA 0.40 
Vout Output Low Level Vcc = 1.8 V lol = 1.5 mA 0.50 


</S/S/5/5/5/5]3 


< 


<|< 


Typical(3) Standby Power vs. Voltage Typical(3) Active Power vs. Voltage 


T= 28°C 


Standby Power (1.W) 
a 
Active Power (mW) 


0.0 1.0 20 3.0 40 50 6.0 
Voltage (volts) Voltage (volts) 


Notes: 1. This parameter is preliminary and Atmel may change the specifications upon further characterization. 
2. Vy min and Vy; max are reference only and are not tested. 
3. These graphs are for reference only and are not guaranteed by test. 
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AC Characteristics 


Applicable over recommended operating range from Ta = -40°C to +85°C, Voc = +1.8 V to +6.0 V CL= 1 TTL Gate and 


100 pF (unless otherwise noted) 


Time the bus must be free 
before a new transmission 
can start 


Start Hold Time 
Start Set-up Time 


tBUF 


tHD.STA 


tSU.STA 


tsu.sTo Stop Set-up Time 


Pin Capacitance @ 


4.7 us 
7 


tpH Data Out Hold Time 100 180 
twr Write Cycle Time 5 10 ms 


4.7 LS 


4.0 us 


4. us 
ns 


Applicable over recommended operating range from T, = 25°C, f = 1.0 MHz, Vcc = +1.8 V 


C Input Capacitance (Ap, Ay, A2, SCL) 


2. This parameter is characterized and is not 100% tested. 


Note: 


Device Operation 

CLOCK and DATA TRANSITIONS: The SCL and SDA 
bus lines are normally pulled high with a resistor as shown 
in Figure 7. Data on the SDA bus may change only during 
SCL low time periods (refer to Data Validity Timing 
diagram). Data changes during SCL high periods will 
indicate a start or stop condition as defined below. 


START CONDITION: A high-to-low transition of SDA 
with SCL high is a start condition which must precede any 
other command (refer to Start and Stop Definition Timing 
diagram). 


STOP CONDITION: A low-to-high transition of SDA 
with SCL high is a stop condition which terminates all 
communications. Aftera read sequence, the stop command 
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Symbol Test Condition ax Units Conditions 


M 
i 8 


Cyvo Input/Output Capacitance (SDA) Vyvo=0V 
IN 


pF 
6 pF Vin=0OV 


will place the E7PROM in a standby power mode (refer to 
Start and Stop Definition Timing Diagram). 


ACKNOWLEDGE: All addresses and data words are 
serially transmitted to and from the E*PROM in eight-bit 
words. Any device on the system bus receiving data (when 
communicating with the E7PROM) must pull the SDA bus 
low to acknowledge that it has successfully received each 
word. This must happen during the ninth clock cycle after 
each word received and after all other system devices have 
freed the SDA bus. The E?PROM will likewise 
acknowledge by pulling SDA low after receiving each 
address or data word (refer to Acknowledge Response from 
Receiver Timing diagram). 


AT24C164 


Bus Timing SCL: Serial Clock SDA: Serial Data I/O 


~ ol 
tSU.STA a 


tr 


tsu.sTo 


SDA IN 


tBUF 


Write Cycle Timing SCL: Serial Clock SDA: Serial Data I/O 


SCL 


SDA 


WORD n 


8th BIT 


twR 


STOP START 
CONDITION CONDITION 


Note: The write cycle time twr is the time from a valid stop condition of a write sequence to the end of the internal clear/write cycle. 
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Data Validity 
/\ 


| 
] 
SCL ey ‘. / \ 


' DATASTABLE ; 1 DATASTABLE | 


DATA 
CHANGE 


Start and Stop Definition 


Acknowledge Response from Receiver 


SCL 1 8 

DATA OUTPUT == F 

FROM = 
TRANSMITTER olan 
DATA OUTPUT ~~ 

FROM 

RECEIVER 
START ACKNOWLEDGE 
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Device Addressing 

The AT24C164 requires an eight-bit device address word 
following a start condition to enable the chip for read or 
write operations (refer to Figure 1). The most significant bit 
must be a one followed by the A2, Al and AO device select 
bits (the Al bit must be the compliment of the A1 input pin 
signal). The next three bits are used for memory block 
addressing and select one of the eight 256 x 8 memory 
blocks. These bits should be considered the three most 
significant bits of the data word address. The eighth bit of 
the device address is the read/write select bit. A read 
operation is selected if this bit is high or a write operation 
is selected if this bit is low. 


Upon a compare of the device address, the EPROM will 
Output an acknowledge on the SDA bus. If a compare is not 
made, the chip will return to a standby state. 


Write Operations 

BYTE WRITE: A write operation requires an eight-bit data 
word address following the device address word and 
acknowledgement. Upon receipt of this address, the 
E?PROM will again respond with an acknowledge on SDA 
and then clock in the first eight-bit data word. Following 
receipt of the eight-bit data word, the E7PROM will 
acknowledge SDA and the data transmitting device must 
terminate the write sequence with a stop condition. At this 
time the E7PROM enters an internally-timed write cycle to 
the nonvolatile memory. All inputs are disabled during this 
write cycle and the E*PROM will not respond for 
communication until the write is complete (refer to Figure 
2). 


PAGE WRITE: The AT24C164 is capable of a sixteen- 
byte page write. A page write is initiated the same as a byte 
write, but the data transmitting device does not send a stop 
condition after the first data word is clocked in. Instead, 
after the EPROM acknowledges receipt of the first data 
word, the data transmitting device can transmit up to fifteen 
more data words. The E’?PROM will respond with an 
acknowledge on SDA after each data word received. The 
transmitting device must terminate the page write sequence 
with a stop condition (refer to Figure 3). 


AIMEL 


The data word address lower four bits are internally 
incremented following the receipt of each data word. The 
higher data word address bits are not incremented retaining 
the memory page row location. If more than sixteen data 
words are transmitted to the E7PROM, the data word 
address will “roll over’ and previous data will be overwritten. 


ACKNOWLEDGE POLLING: Once the internally-timed 
write cycle has started and the E7PROM inputs are disabled, 
acknowledge polling can be initiated. This involves sending 
a Start condition followed by the device address word. The 
read/write bit is representative of the operation desired. 
Only if the internal write cycle has completed will the 
E*PROM respond with an acknowledge on the SDA bus 
allowing the read or write sequence to continue. 


Read Operations 

Read operations are initiated the same way as write operations 
with the exception that the read/write select bit in the device 
address word is set to one. There are three read operations: 
current address read, random address read and sequential 
read. 


CURRENT ADDRESS READ: The intemal data word 
address counter maintains the last address accessed during 
the last read or write operation, incremented by one. This 
address stays valid between operations as long as the chip 
power is maintained. If the last operation was a read at 
address n, then the current address would be n+1. If the final 
Operation was a write at address n, the current address 
would again ben+1 with one exception. If address n was the 
sixteenth byte address in the memory row, the incremented 
address n+1 would “roll over” to the 1st byte address of the 
same row. 


Once the device address with the read/write select bit set to 
one is clocked in and acknowledged by the E7PROM, the 
current address data word is serially clocked out. The 
device that is reading the data does not respond with an 
acknowledge (leaving the SDA bus high) but does generate 
a following stop condition (refer to Figure 4) 
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RANDOM READ: A random read requires a “dummy” 
byte write sequence to load in the data word address. Once 
the device address word and data word address are clocked 
in and acknowledged by the E7PROM, the transmitting 
device must generate another start condition. The 
transmitting device now initiates a current address read by 
sending a device address with the read/write select bit high. 
The E7PROM acknowledges the device address and serially 
clocks out the data word. The device reading the data does 
not respond with an acknowledge (leaving the SDA bus 
high) but does generate a following stop condition (refer to 
Figure 5). 


Figure 1. Device Address 


SEQUENTIAL READ: Sequential reads are initiated by 
either acurrent address read or arandom address read. After 
the device reading the data receives a data word, it responds 
with an acknowledge. As long as the E7PROM receives an 
acknowledge, it will continue to increment the data word 
address and serially clock out sequential data words. When 
the memory address limit is reached, the data word address 
will “roll over’ and the sequential read will continue. The 
sequential read operation is terminated when the device 
reading the data does not respond with an acknowledge 
(leaving the SDA bus high) but does generate a following 
stop condition (refer to Figure 6). 


vee L4 [he] Ai] Ao | Be] Bt | Bo) 


MSB 


Figure 2. Byte Write 


LSB 


s W 
T R S 
A i T 
R DEVICE T 0 
T ADDRESS E WORD ADDRESS DATA P 
is LRA A A 
S s/c Cc Cc 
B BW K K K 
Figure 3. Page Write 
Ss WwW 
T R s 
A | T 
R DEVICE T 6) 
T ADDRESS E WORD ADDRESS (n) DATA (n) DATA (n + 1) DATA (n + x) p 
SDA LINE 
A 
Cc 
K 
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Figure 4. Current Address Read 


Ss 
T R Ss 
ns E T 
R DEVICE A 0 
T ADDRESS D P 
M LRA DATA N 
S s/c fe) 
B BW K 
A 
Cc 
K 
Figure 5. Random Read 
) WwW Ss 
T R T R S 
A l A E T 
R DEVICE T WORD R DEVICE A 0 
T ADDRESS €E ADDRESS n t ADDRESS D P 
M LRA A A DATAn N 
S s/c c C f°) 
B BW K K K 
eee rained 
Cc 
DUMMY WRITE K 
Figure 6. Sequential Read 
R S 
E A A A T 
DEVICE A C C Cc e) 
ADDRESS D K K K P 
pamaoaiea| ie 
RA DATAn DATAn+1 DATAn+2 DATAn+x N 
Le f°) 
W K 
a 
C 
K 


Vcc 


Ordering Information 


lec (max) | Isp (max) Ordering Code Package | Operation Range 
10 100 AT24C164-10PC 8P3 Commercial 
AT24C164-10SC 8S1 (0°C to +70°C) 
A1T24C164-10PI 8P3 Industrial 
AT24C164-10SI 8S1 (-40°C to +85°C) 
AT24C164-10PC-2.7 8P3 Commercial 
AT24C164-10SC-2.7 8S1 (0°C to +70°C) 
AT24C164-10PI-2.7 8P3 Industrial 
AT24C164-10SI-2.7 8S1 (-40°C to +85°C) 


100 AT24C164-10PC-2.5 8P3 Commercial 
AT24C164-10SC-2.5 8S1 (0°C to +70°C) 


AT24C164-10PI-2.5 8P3 Industrial 
AT24C164-10SI-2.5 8S1 (-40°C to +85°C) 
10 800 4 AT24C164-10PC-1.8 8P3 Commercial 
AT24C164-10SC-1.8 8S1 (0°C to +70°C) 
AT24C164-10PI-1.8 8P3 Industrial 
AT24C164-10SI-1.8 8S1 (-40°C to +85°C) 


Package Type 


8 Lead, 0.300" Wide, Plastic Dual InLine Package (PDIP) 
8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


Standard Operation (4.5 V to 6.0 V) 
Low Voltage (2.7 V to 6.0 V) 
Low Voltage (2.5 V to 6.0 V) 


Low Voltage (1.8 V to 6.0 V) 
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Features 


e Low Voltage and Standard Voltage Operation 
5.0 V (Vcc = 4.5 V to 5.5 V) 
3.0 V (Vcc = 2.7 V to 5.5 V) 
2.5 V (Vcc = 2.5 V to 5.5 V) 
2.0 V (Vcc = 1.8 V to 5.5 V) 
e User Selectable Internal Organization 
1K: 128x8 or 64x 16 
2K: 256 x 8 or 128 x 16 


4K: 512 x8 or 256 x 16 3-Wire 
e Three-Wire Serial Interface i 
¢ Self-Timed Write Cycle (10 ms Max) Serial CMOS 
e High Reliability 2 
Endurance: 100,000 Cycles E“PROMs 
Data Retention: 100 Years 
e Eight-Pin PDIP, JEDEC SOIC, and EIAJ SOIC Packages 1K (128 x 8 or 64 x 16) 
2K (256 x 8 or 128 x 16) 
— 4K (512 x 8 or 256 x 16) 
Description 


The AT93C46/56/57/66 provides 1024/2048/4096 bits of serial E’PROM (Electrically Eras- 
able Programmable Read Only Memory) organized as 64/128/256 words of 16 bits each, 
when the ORG Pin is connected to Vcc and 128/256/512 words of eight bits each when it is 
tied to ground. The device is optimized for use in many industrial and commercial applications 
where low power and low voltage operation are essential. The AT93C46/56/57/66 is available 
in space saving eight-pin PDIP and eight-pin JEDEC and EIAJ SOIC packages. 


The AT93C46/56/57/66 is enabled through the Chip Select pin (CS), and accessed via a three- 
wire serial interface consisting of Data Input (DI), Data Output (DO), and Shift Clock (SK). 
Upon receiving a READ instruction at DI, the address is decoded and the data is clocked out 
serially on the data output pin DO. The WRITE cycle is completely self-timed and no separate 
ERASE cycle is required before WRITE. The WRITE cycle is only enabled when the part is 
in the ERASE/WRITE ENABLE state. When CS is brought "high" following the initiation of 
a WRITE cycle, the DO pin outputs the READY/BUSY status of the part. 

Atmel’s E7PROMs are designed and tested for applications requiring extended endurance. 
Devices in this family are guaranteed for 100,000 ERASE/WRITE cycles and 100-year data 
retention. The AT93C46/56/57/66 is available in 5.0 V + 10%, 2.7 V to 5.5 V, 2.5 V to 5.5 V, 
and 1.8 V to 5.5 V versions. 


Pin Configurations 


Chip Select 
Serial Data Clock 


Rotated (R) 
(1K JEDEC Only) 


ORG Internal Organization 


8-Pin SOIC 
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Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Operating Temperature 
Storage Temperature 


Voltage on Any Pin 
with Respect to Ground 


Maximum Operating Voltage 


PS OUT SUT GUO i ecssnccesexanntieanscncschconrimcenians 5.0mA 


Block Diagram” 


VCC 


OR —_—— > 


DI 


Sk —»> 


Note: 


MEMORY ARRAY 


128/256/512 x 8 
OR 
64/128/256 x 16 


DATA 
REGISTER 
MODE 


CS. aencmnpe DECODE 
LOGIC 


OUTPUT 
BUFFER 


GENERATOR 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ADDRESS 
DECODER 


1. When the ORG pin is connected to Vcc, the x 16 organization is selected. When it is connected to ground, the x 8 organization is se- 
lected. If the ORG pin is left unconnected, then an internal pullup device will select the x 16 organization. 


Pin Capacitance “” 


Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +5.0 V (unless otherwise noted) 


Test Conditions 


Output Capacitance (DO) 
Input Capacitance (CS, SK, Dl) 


Conditions 
VouT=0V 
VIN=OV 


Note: 1. This parameter is characterized and is not 100% tested. 
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D.C. Characteristics 


Applicable over recommended operating range from: Tai = -40°C to +85°C, Vcc = +1.8 V to +5.5 V, 
Tac = 0°C to + 70°C, Vcc = +1.8 V to +5.5 V (unless otherwise noted) 


Symbol Parameter Test Condition Min Typ Max Units 
8 5.0 


Voor 
Vcc2 Supply Voltage 25 5.0 5.5 V 
Voes 
Vooa 
READ at 1.0 MHz 0.2 0.5 mA 
WRITE at 1.0 MHz mA 


Icc Supply Current Vec = 5.0 V 


0.4 1.0 
Standby Current Vec=2.7V  CS=0V 6.0 10.0 4A 
Input Leakage Vin = 0 V to Voc 0.1 10 pA 
Output Leakage Vin = 0 V to Vcc 0.1 1.0 LA 
2) 
0 


ViL2 Input Low Voltage 


BN 
ao) 
iN 

=, 
‘ 
< 


Vin2 2) | Input High Voltage 18 Y< Voc s9.5V Vec+H 
VOL Output Low Voltage 0.4 
Output High Voltage Ssiclilescialcaadadie 2.4 " 
VOL2 Output Low Voltage o 2 0.2 
Output High Voltage ea ee ay Vcc-0.2 " 
* . . 3 
Typical Standby Power vs. Voltage” Typical Active Power vs. Voltage” 
s T=#25C6 T=25'°C 
t A 2.0 
. t 
‘ tas Paw 
P 1.0 7 al 
e 05 | | YL. 
vol | eno] | 
- 0.0 oa 
) 1 2 3 4 5 6 
Voltage (V) Voltage (V) 
Notes: 1. This parameter is preliminary and Atmel may change 3. These graphs are for reference only and are not guarenteed 
the specifications upon further characterization. by test. 


2. Vir min and Vy max are reference only and are not 


tested. 
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A.C. Characteristics 


Applicable over recommended operating range from Ta = -40°C to + 85°C, Vcc = As Specified, 
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CL = 1 TTL Gate and 100 pF (unless otherwise noted) 


Symbol Parameter 


f SK Clock 

. Frequency 
SK High Time 
SK Low Time 


Minimum CS Low 
Time 


CS Setup Time 


tDis DI Setup Time 


CS Hold Time 


tDIH DI Hold Time 


CS to Status Valid 
{ 


CS to DO in High 
Impedance 


K 
tcs 
V 
DF 


Write Cycle Time 10 ms 


Number of Data Changes per Bit 


Endurance 
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Output Delay to ‘0’ 


Output Delay to ‘1’ 


Test Condition 


45V<Vcc < 
2.7V<Vcc < 
25V<eVcc s 
18V<Vcc < 


45V<Vcc < 
2.7/V<Vcc < 
2.5V<Vec s 
18V<Vcc < 


45V<Vcc < 
2.4V<sVoco = 
2.5V<Vcc < 
18V<Vcc < 


45V<Vcc 
2.7V<Vcc 
25V<sVcc 
1.8V<Vcc 


Relative to SK 


Relative to SK 


Relative to SK 


Relative to SK 


AC Test 


AC Test 


45V<Vcc 
2.4V<sVce 
2.5V<sVcc 
18V< Vcc 


45V<Vcc 
2./VsVcc 
25VsVcc 
1.8V<Vcc 


45V<Vcc 
2.7V<Vcc 
2.5V<Vcc 
1.8V<Vcc 


45V<Vcc 
2.7V<Vcc 
2.5V<Vcc 
1.8V<Vcc 


45V<Vcc 
2.7 VS VCE 
2.5V<Vecc 
1.8V<Vcc 


45V<Vcc 
2.4$VEVCC 
25 VS Vcc 
1.8V<Vcc 


45V<Vcc 
2.7V<Vcc 
25Vs Vcc 
18V<Vcc 


AT93C46/56/57/66 


Instruction Set for the AT93C46 


Op Address Data 
Instruction SB Code x8 x 16 x 8 x16 | Comments 
Reads data stored in memory, at 
— achins dich aa specified address. 
Write enable must precede all 


ERASE As-Ao As-Ao Po Erase memory location An - Ao. 
WRITE As6-Ao As-Ao D7-Do D15-Do | Writes memory location An - Ao. 


Erases all memory locations. Valid 


: ; Writes all memory locations. Valid 
WRAL O1XXXXX  01XXXX | D7-Do D15-Do only at Voc = 4.5 Vto 5.5 V. 


Op Address 
Code x 8 x 16 x8 x16 | Comments 
Reads data stored in memory, at 
iii iains Pe specified address. 
Write enable must precede all 
ee ea 
A7-Ao As-Ao 


A7-Ao A6-Ao 


Erases all memory locations. Valid 
1OXXXXXX 10XXXXX | only ai Veu=4.6 VIoS 5 ¥. 


: ; Writes all memory locations. Valid 
O1XXXXXX 01XXXXX | D7-Do D15-Do only at Voc = 4.5 Vio 5.5 V. 


Instruction Set for the AT93C56 and AT93C66 


Op Address Data 
Instruction SB Code x 8 x 16 x 8 x16 | Comments 
Reads data stored in memory, at 
Write enable must precede all 


ERASE | 1 11 | AeAo Aran |__| Eases memory location An Ao. 
WRITE As-Ao A7-Ao D7-Do D15-Do | Writes memory location An - Ao. 


01 

ERAL , 00 4OXXXXXXX  10XXXXXX Erases all memory locations. Valid 
only at Vcc = 4.5 V to 5.5 V. 
Writes all memory locations. Valid 

WRAL 1 00 O1XXXXXXX 01XXXXXX D7-Do D15-Do | when Vcc = 5.0 V+ 10% and 
Disable Register cleared. 

, Disables all programming 
AIMEL 21 


= 


AIMEL 


Functional Description 


The AT93C46/56/57/66 is accessed via a simple and versatile 
three-wire serial communication interface. Device operation is 
controlled by seven instructions issued by the host processor. A 
valid instruction consists of a Start Bit (logic ‘1’) followed by 
the appropriate Op Code and the desired memory Address 
location. 


READ (READ): The Read (READ) instruction contains the 
Address code for the memory location to be read. After the in- 
struction and address are decoded, data from the selected mem- 
ory location is available at the serial output pin DO. Output data 
changes are synchronized with the rising edges of serial clock 
SK. It should be noted that a dummy bit (logic “0’) precedes the 
8- or 16-bit data output string. ! 


ERASE/WRITE (EWEN): To assure data integrity, the part 
automatically goes into the Erase/Write Disable (EWDS) state 
when power is first applied. An Erase/Write Enable (EWEN) 
instruction must be executed first before any programming in- 
structions can be carried out. Please note that once in the 
Erase/Write Enable state, programming remains enabled until 
an Erase/Write Disable (EWDS) instruction is executed or Vcc 
power is removed from the part. 


ERASE (ERASE): The Erase (ERASE) instruction programs 
all bits in the specified memory location to the logical ‘1’ state. 
The self-timed erase cycle starts once the ERASE instruction 
and address are decoded. The DO pin outputs the READY / 
BUSY status of the part if CS is brought high after being kept 
low for a minimum of 250 ns (tcs). A logic ‘1’ at pin DO indi- 
cates that the selected memory location has been erased, and the 
part is ready for another instruction. 


Timing Diagrams 


Synchronous Data Timing 


Vin 
cs oy. 
Vi 
= _ 
Vi y 
Dl y, 4 
DO (READ) 
# tsy 
V 
DO (PROGRAM) Vo, 


Note: 1. This is the minimum SK period. 


WRITE (WRITE): The Write (WRITE) instruction contains 
the 8 or 16 bits of data to be written into the specified memory 
location. The self-timed programming cycle starts after the last 
bit of data is received at serial data input pin DI. The DO pin 
outputs the READY/BUSY status of the part if CS is brought 
high after being kept low for a minimum of 250 ns (tcs). A logic 
‘0’ at DO indicates that programming is still in progress. A logic 
‘1’ indicates that the memory location at the specified address 
has been written with the data pattern contained in the instruc- 
tion and the part is ready for further instructions. 


ERASE ALL (ERAL): The Erase All (ERAL) instruction pro- 
grams every bit in the memory array to the logic ‘1’ state and is 
primarily used for testing purposes. The DO pin outputs the 
READY/BUSY status of the part if CS is brought high after 
being kept low for a minimum of 250 ns (tcs). The ERAL in- 
struction is valid only at Vcc = 5.0 V + 10%. 


WRITE ALL (WRAL): The Write All (WRAL) instruction 
programs all memory locations with the data patterns specified 
in the instruction. The DO pin outputs the READY/BUSY sta- 
tus of the part if CS is brought high after being kept low for a 
minimum of 250 ns (tcs). The WRAL instruction is valid only 
at Vcc = 5.0 V + 10%. 

ERASE/WRITE DISABLE (EWDS): | To protect against acci- 
dental data disturb, the Erase/Write Disable (EWDS) instruction 
disables all programming modes and should be executed after 
all programming operations. The operation of the READ in- 
struction is independent of both the EWEN and EWDS instruc- 
tions and can be executed at any time. 


STATUS VALID 
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AT93C46/56/57/66 


Organization Key for Timing Diagrams 
Density 1K Density 2K Density 4K 


Timing Diagrams (Continued) 
READ Timing to 


sc , arn nee * 
« UL 
DI V2 KKK 


Se Set ona eccntenncnn  e 
D0 #9 ou X X XXX Ke) 


EWEN Timing vce pesscndeieintsesiave y 
(1) 
«JU UUUU UUW UUUUU UL 
DI 1\o o/f/1 1 7 Xx \ 


Note: 1. The AT93C56 and AT93C66 require a minimum of eleven clocks, the AT93CS7 requires a minimum of ten clocks, and the 
AT93C46 requires a minimum of nine clock cycles. 


EWDS Timing 
cs / \tcs / 
(1) 
«JU UU UU UUW UU UU UU LL 
DI 1\0 0 oO 0 - Xx \ 


Note: 1. The AT93C56 and AT93C66 require a minimum of eleven clocks, the AT93CS7 requires a minimum of ten clocks, and the 
AT93C46 requires a minimum of nine clock cycles. 
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Timing Diagrams (Continued) 
WRITE Timing 


DO =— yt BUSY READY 


‘we 


WRAL Timing ” 


- , a, ics 
or /\ 22 9 + SaXG XXX 


HIGH IMPEDANCE BUSY 
DO. Ss qt+4#—_# READY 
< ‘we 
Notes: 1. The AT93C56 and AT93C66 require a minimum 2. Valid only at Vcc = 4.5 V to 5.5 V. 


of eleven clocks, the AT93C57 requires a minimum of 
ten clocks, and the AT93C46 requires a minimum of 
nine clock cycles. 


ERASE Timing 


Sk SUP $n 
tcs 
ee / CHECK STANDBY 
STATUS 


HIGH IMPEDANCE 
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AT93C46/56/57/66 


Timing Diagrams (Continued) 
TERAL Timing 


Note: 


sk JUUUU UU UU UYU ye 


/ CHECK STANDBY 
CS STATUS 


DI i. oft \s 


+ ty GH 
HIGH IMPEDANCE BUSY HIGH IMPEDANCE 


DO 


<«— twp 


1. Valid only at Vcc = 4.5 V to 5.5 V. 
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Ordering Information 


AT93C46-10PC Commercial 
AT93C46-10SC (0°C to 70°C) 
AT93C46R-10SC 
AT93C46W-10SC 


AT93C46-10PC-2.7 Commercial 
AT93C46-10SC-2.7 (0°C to 70°C) 
AT93C46R-10SC-2.7 
AT93C46W-10SC-2.7 


AT93C46-10PC-2.5 Commercial 
AT93C46-10SC-2.5 (0°C to 70°C) 
AT93C46R-10SC-2.5 
AT93C46W-10SC-2.5 


AT93C46-10PC-1.8 Commercial 
AT93C46-10SC-1.8 (0°C to 70°C) 
AT93C46R-10SC-1.8 
AT93C46W-10SC-1.8 


AT93C46-10PI Industrial 
AT93C46-10SI (-40°C to 85°C) 
AT93C46R-10SI 

AT93C46W-10S] 


AT93C46-10PI-2.7 Industrial 
AT93C46-10SI-2.7 (-40°C to 85°C) 
AT93C46R-10SI-2.7 

AT93C46W-10S]I-2.7 


AT93C46-10PI-2.5 Industrial 
AT93C46-10SI-2.5 (-40°C to 85°C) 
AT93C46R-10SI-2.5 

AT93C46W-10SI-2.5 


AT93C46-10PI-1.8 Industrial 
AT93C46-10SI-1.8 (-40°C to 85°C) 
AT93C46R-10SI-1.8 

AT93C46W-10SI-1.8 


Military 
(-55°C to 125°C) 


AT93C46/56/57/66 


Ordering Information 


Package Type 


8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


| 851 | 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


| Blank | Standard Device (4.5 V to 5.5 V) 
| ee | Low Voltage (2.7 V to 5.5 V) 
P25 | Low Voltage (2.5 V to 5.5 V) 


Low Voltage (1.8 V to 5.5 V) 
Rotated Pinout 
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Ordering Information 


= +n _ a bee 


AT93C56-10PC 8P3 Commercial 
AT93C56-10SC (0°C to 70°C) 
AT93C56W-10SC 


AT93C56-10PC-2.7 Commercial 
AT93C56-10SC-2.7 (0°C to 70°C) 
AT93C56W-10SC-2.7 


AT93C56-10PC-2.5 
AT93C56-10SC-2.5 
AT93C56W-10SC-2.5 


AT93C56-10PC-1.8 
AT93C56-10SC-1.8 
AT93C56W-10SC-1.8 


AT93C56-10PI : Industrial 
AT93C56-10SI (-40°C to 85°C) 
AT93C56W-10SI 


AT93C56-10PI-2.7 
AT93C56-10SI-2.7 
AT93C56W-10SI-2.7 


AT93C56-10PI-2.5 
AT93C56-10SI-2.5 
AT93C56W-10SI-2.5 


AT93C56-10PI-1.8 Industrial 
AT93C56-10SI-1.8 (-40°C to 85°C) 
AT93C56W-10SI-1.8 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Package Type 


| 8P3.—s|_ 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
| 8S1—|_ 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


| Blank | Standard Device (4.5 V to 5.5 V) 
Low Voltage (2.7 V to 5.5 V) 


| -25  —_|_Low Voltage (2.5 V to 5.5 V) 
| 1.8 | Low Voltage (1.8 V to 5.5 V) 


AT93C46/56/57/66 
Ordering Information 


twp Icc (max) | IsB (max) fMAX ; 

10 1000 30.0 1000 AT93C57-10PC 8P3 Commercial 
AT93C57-10SC (0°C to 70°C) 
AT93C57W-10SC 


AT93C57-10PC-2.7 Commercial 
A1T93C57-10SC-2.7 (0°C to 70°C) 
AT93C57W-10SC-2.7 


AT93C57-10PC-2.5 
AT93C57-10SC-2.5 
AT93C57W-10SC-2.5 


AT93C57-10PC-1.8 
AT93C57-10SC-1.8 
AT93C57W-10SC-1.8 


AT93C57-10PI Industrial 
AT93C57-10SI (-40°C to 85°C) 
AT93C57W-10S]I 


A1T93C57-10PI-2.7 Industrial 
AT93C57-10SI-2.7 (-40°C to 85°C) 
AT93C57W-10SI-2.7 


AT93C57-10PI-2.5 
AT93C57-10SI-2.5 
AT93C57W-10SI-2.5 


AT93C57-10PI-1.8 Industrial 
AT93C57-10SI-1.8 (-40°C to 85°C) 


AT93C57W-10SI-1.8 8S2 
10 1000 30.0 1000 AT93C57-10PM 8P3 Military 
(-55°C to 125°C) 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Package Type 
| P30 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
| 8s1—'||_ 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


| Blank | Standard Device (4.5 V to 5.5 V) 


-2.7 Low Voltage (2.7 V to 5.5 V) 


| oe | Low Voltage (2.5 V to 5.5 V) 
[ae | Low Voltage (1.8 V to 5.5 V) 
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Ordering Information 


twp Icc (max) | Isp (max) fMAX 
Ordering Code Package Operation Range 
(ms) (LA) (LA) (kHz) 
on | shee) ato 


AT93C66-10PC 8P3 Commercial 
AT93C66-10SC (0°C to 70°C) 
AT93C66W-10SC 


AT93C66-10PC-2.7 
AT93C66-10SC-2.7 
AT93C66W-10SC-2.7 


AT93C66-10PC-2.5 
AT93C66-10SC-2.5 
AT93C66W-10SC-2.5 


AT93C66-10PC-1.8 
AT93C66-10SC-1.8 
AT93C66W-10SC-1.8 


AT93C66-10PI Industrial 
AT93C66-10SI (-40°C to 85°C) 
AT93C66W-10S] 


AT93C66-10PI-2.7 
AT93C66-10SI-2.7 
AT93C66W-10SI-2.7 


AT93C66-10PI-2.5 
AT93C66-10SI-2.5 
AT93C66W-10SI-2.5 


AT93C66-10PI-1.8 
AT93C66-10SI-1.8 
AT93C66W-10SI-1.8 8S2 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Industrial 
(-40°C to 85°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Package Type 
| 8P3.—s|_ 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
| 851 _—|_ 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Standard Device (4.5 V to 5.5 V) 
-2.7 Low Voltage (2.7 V to 5.5 V) 


| 25 | Low Voltage (2.5 V to 5.5 V) 
ae | Low Voltage (1.8 V to 5.5 V) 
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Features 


e Low Voltage and Standard Voltage Operation 
5.0 V (Vcc = 4.5 V to 5.5 V) 
3.0 V (Vcc = 2.7 V to 5.5 V) 
2.5 V (Vcc = 2.5 V to 5.5 V) 
2.0 V (Vcc = 1.8 V to 5.5 V) 
e User Selectable Internal Organization 
1K: 128 x8 or 64x 16 
2K: 256 x 8 or 128 x 16 
4K: 512 x8 or 256 x 16 
e Four-Wire Serial Interface 
e Self-Timed Write Cycle (10 ms Max) 
e High Reliability 
Endurance: 100,000 Cycles 
Data Retention: 100 Years 
e Ejight-Pin PDIP and EIAJ SOIC Packages 


Description 


The AT59C11/22/13 provides 1024/2048/4096 bits of serial E*PROM (Electrically Erasable 
Programmable Read Only Memory) organized as 64/128/256 words of 16 bits each, when the 
ORG Pin is connected to Vcc and 128/256/512 words of eight bits each when it is tied to 
ground. The device is optimized for use in many industrial and commercial applications where 
low power and low voltage operation are essential. The AT59C11/22/13 is available in space 
saving eight-pin PDIP and eight-pin EIAJ SOIC packages. 


The AT59C1 1/22/13 is enabled through the Chip Select pin (CS), and accessed via a four-wire 
serial interface consisting of Data Input (DI), Data Output (DO), and Clock (CLK). Upon 
receiving a READ instruction at DI, the address is decoded and the data is clocked out serially 
on the data output pin DO, the WRITE cycle is completely self-timed and no separate ERASE 
cycle is required before WRITE. The WRITE cycle is only enabled when the part is in the 
ERASE/WRITE ENABLE state. Ready/Busy status can be monitered upon completion of a 
programming operation by polling the Ready/Busy pin. 


Atmel’s E7PROMs are designed and tested for applications requiring extended endurance. 
Devices in this family are guaranteed for 100,000 ERASE/WRITE cycles and 100-year data 
retention. The ATS9C 11/22/13 is available in 5.0 V + 10%, 2.7 V to 5.5 V, 2.5 V to 5.5 V, and 
1.8 V to 5.5 V versions. 


Pin Configurations 


. . VCC 
Pin Name Function RDY/BUSY 
Chip Select ORG 
: GND 
Serial Data Clock 
Serial Data Input 
‘Dos Serial Data Output 
Power Supply 
ener 
ema) Sg aeat RDY/BUSY 
RDY/BUSY ORG 
GND 


8-Pin SOIC 


ATMEL 


4-Wire 
Serial CMOS 
E°PROMs 


1K (128 x 8 or 64 x 16) 


2K (256 x 8 or 128 x 16) 


4K (512 x 8 or 256 x 16) 
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Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Operating Temperature 


Storage Temperature 


Voltage on Any Pin 
with Respect to Ground 


Maximum Operating Voltage 


DC Output Current 


Block Diagram” 


Vcc 


ORG 


DI 


cS 


CLK 


Note: 


MEMORY ARRAY 


128/256/512 x 8 
OR 
64/128/256 x 16 


DATA 
REGISTER 
MODE 


DECODE 
LOGIC 


CLOCK 
GENERATOR 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


GND 


ADDRESS 
DECODER 


OUTPUT 
BUFFER 


RDY/BUSY 


1. When the ORG pin is connected to Vcc, the x 16 organization is selected. When it is connected to ground, the x 8 organization is se- 
lected. If the ORG pin is left unconnected, then an internal pullup device will select the x 16 organization. 


Pin Capacitance “” 


Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +5.0 V (unless otherwise noted) 


Test Conditions 


Output Capacitance (DO) 


CIN 
Note: 
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Input Capacitance (CS, CLK, DI, RDY/BUSY) pF 


1. This parameter is characterized and is not 100% tested. 


Units Conditions 
pF Vout =0 V 
VIN=OV 


AT59C11/22/13 eememeesemeeorsecen 
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D.C. Characteristics 


Applicable over recommended operating range from: Tai = -40°C to +85°C, Vcc = +1.8 V to +5.5 V, 


Tac = 0°C to + 70°C, Vcc = +1.8 V to +5.5 V (unless otherwise noted) 


Symbol Parameter 
Supply Voltage 
Supply Voltage 
Supply Voltage 
Supply Voltage 


Supply Current 


Standby Current 


Test Condition 


Min Typ 
1.8 5.0 
2.5 5.0 
2.7 5.0 
4.5 5.0 


READ at 1.0 MHz 0.2 
WRITE at 1.0 MHz 0.4 


Vcc = 5.0 V 


Vcc =1.8V 


CS=0V 


5.5 

aD 

5.5 V 
55 V 
0.5 mA 
1.0 mA 


0.0 0.1 pA 
Standby Current Vec=2.5V  CS=0V 0 7.0 pA 
6.0 WA 


Standby Current Vec=27V CS=0V 10.0 


Standby Current 


Voc = 5.0 V 


CS=0V 


CC 

pA 
Input Leakage Vin = 0 V to Vcc 0.1 1.0 LA 
: 01 1.0 A 


21.0 


30.0 


Output Leakage Vin = 0 V to Voc 


VIL mo Input Low Voltage 
Vin1 (2) | Input High Voltage 
ViL2 ms Input Low Voltage 
Vin2 * | Input High Voltage 
VoL! Output Low Voltage 
VOH1 Output High Voltage 
VoL2 Output Low Voltage 
VOH2 Output High Voltage 


45V<Vcc <5.5V 


18V<Vcc <5.5V 


45V<Vcc <5.5V 


1.8V<Vcc <5.5V 


Typical Standby Power vs. Voltage” 


T=25°C 


Voltage (V) 


Notes: 1. This parameter is preliminary and Atmel may change 
the specifications upon further characterization. 
2. Vit min and VyH max are reference only and are not 


tested. 


0.1 
2.0) 


0.0 
1.4 


2.4 


0.8 
Vcc+1 


0.4 


V 


V 
0.4 


Typical Active Power vs. Voltage” 


T=25°C 
2.0 


A 
c 
t 
"45 / | 
Vv 
se 


nae 
10 / 


CO 


Voltage (V) 


by test. 


AIMEL 


3. These graphs are for reference only and are not guarenteed 
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A.C. Characteristics 


Applicable over recommended operating range from Ta = -40°C to + 85°C, Vcc = As Specified, 


AIMEL 


CL =1 TTL Gate and 100 pF (unless otherwise noted) 


Symbol Parameter 


CS Hold Time 


CLK Clock 
Frequency 


CLK High Time 


CLK Low Time 


Minimum CS Low 
Time 


CS Setup Time 


DI Setup Time 


DI Hold Time 
Output Delay to ‘1’ 
Output Delay to ‘0’ 


tRBD CS to Status Valid 


tez 
twc Write Cycle Time 


isd Endurance 


CS to DO in High 
Impedance 
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Test Condition 


45V<Vcc 
2.7V<Vcc 
25V=Vcc 
1.8V<Vcc 


45V<Vcc 
2.7V<Vcc 
2.5V<Vcc 
1.8V<Vcc 


45V<Vcc 
2.7V<Vcc 
2.5V<Vcc 
1.8V<Vcc 


45V<Vcc 
2.7V<Vcc 
25V<Voc 
1.8V<Vcc 


Relative to SK 


Relative to SK 


Relative to SK 


Relative to SK 


AC Test 


AC Test 


AC Test 


Number of Data Changes per Bit 


45V<Vcc =< 
2.7V<Vcc < 
25 VS Voc = 
18V<Vcc < 


45V<Vcc < 
2./V<Vcc s 
2.5V<Vcc < 
1.8V<Vcc < 


45V<Vcc < 
2.7/V<Vcc < 
25V<eVcc = 
18V<Vcc < 


45V<Vcc < 
2.4 VS Voo <= 
25V<Vcc < 
18V<Vcc < 


45V<Vcc < 
2.7V<Vcc < 
25V¥=<=Vcec < 
1.8V<Vec < 


45V<Vecc < 
2.7V<Vcc < 
25V< Vcc < 
1.8V<Vcc < 
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Instruction Set for the AT59C11 


Op Address Data 
Instruction SB Code x 8 x 16 x8 x16 | Comments 
; : Reads data stored in memory, at 
ion bid ili ASAD ee specified address. 
Write enable must precede all 
EWEN 1 0011 XXXXXXX XXXXXX fx wd programming modes. 


WRITE 


Instruction Set for the AT59C22 


Op Address Data 
Instruction SB Code x 8 x 16 x 8 x16 | Comments 
; ; Reads data stored in memory, at 
imilcad ; ie ida sis eal specified address. 
EWEN 1 0011 | XXXXXXXX XXXXXXX Write enable must precede all 
programming modes. 


WRITE 1 X1XX A7-Ao Ac6-Ao D7-Do 0D15-Do | Writes memory location Ap - Ao. 
Erases all memory locations. 

ERAL 1 0010 | XXXXXXXX XXXXXXX ee Valid only at Vcc = 4.5 V to 5.5 V. 
Writes all memory locations. 

WRAL 1 0001 XXXXXXXX XXXXXXX D7-Do  0D15-Do | Valid when Vcc = 5.0 V+ 10% 
and Disable Register cleared. 
Disables all programming 


Instruction Set for the AT59C13 


Op Address Data 
Instruction SB Code x 8 x 16 x8 x 16 Comments 
Reads data stored in memory, at 
icecnin A = NSE As-Ao le a specified address. 
EWEN 1 0011 | XXXXXXXXX  XXXXXXXX Write enable must precede all 
programming modes. 


WRITE 1 X1XX As-Ao A7-Ao D7-Do D15-Do | Writes memory location An - Ao. 
Erases all memory locations. 

ERAL 1 0010 | XXXXXXXXX XXXXXXXX a Valid only at Vcc = 4.5 V to 5.5 V. 
Writes all memory locations. 

WRAL. 1 0001 | XXXXXXXXX  XXXXXXXX D7-Do D15-Do | Valid when Vcc = 5.0 V+ 10% 
and Disable Register cleared. 
Disables all programming 

EWDS 1 0000 | XXXXXXXXX  XXXXXXXX a nctnEliOne. 
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Functional Description 


The AT59C11/22/13 are accessed via a simple and versatile 
four-wire serial communication interface. Device operation is 
controlled by six instructions issued by the host processor. A 
valid instruction consists of a Start Bit (logic ‘1’) followed by 
the appropriate Op Code and the desired memory Address loca- 
tion. 


READ (READ): The Read (READ) instruction contains the 
Address code for the memory location to be read. After the in- 
struction and address are decoded, data from the selected mem- 
ory location is available at the serial output pin DO. Output data 
changes are synchronized with the rising edges of serial clock 
CLK. It should be noted that a dummy bit (logic ‘0’) precedes 
the 8- or 16-bit data output string. 


ERASE/WRITE (EWEN): To assure data integrity, the part 
automatically goes into the Erase/Write Disable (EWDS) state 
when power is first applied. An Erase/Write Enable (EWEN) 
instruction must be executed first before any programming in- 
structions can be carried out. Please note that once in the 
Erase/Write Enable state, programming remains enabled until 
an Erase/Write Disable (EWDS) instruction is executed or Vcc 
power is removed from the part. 


WRITE (WRITE): The Write (WRITE) instruction contains 
the 8 or 16 bits of data to be written into the specified memory 
location. The self-timed programming cycle starts after the last 


Timing Diagrams 


Synchronous Data Timing 


bit of data is received at serial data input pin DI. The 
Ready/Busy status of the AT59C 11/22/13 can be determined by 
polling the RDY/BUSY pin. A logic ‘0’ at RDY/BUSY indi- 
cates that programming is still in progress. A logic ‘1’ indicates 
that the memory location at the specified address has been writ- 
ten with the data pattern contained in the instruction and the part 
is ready for further instructions. 


ERASE ALL (ERAL): The Erase All (ERAL) instruction pro- 
grams every bit in the memory array to the logic ‘1’ state and is 
primarily used for testing purposes. The Ready/Busy status of 
the ATS9C11/22/13 can be determined by polling the 
RDY/BUSY pin. The ERAL instruction is valid only at Vcc = 
5.0 V + 10%. 


WRITE ALL (WRAL): The Write All (WRAL) instruction 
programs all memory locations with the data patterns specified 
in the instruction. The Ready/Busy status of _ the 
AT59C11/22/13 can be determined by polling the RDY/BUSY 
pin. The WRAL instruction is valid only at Vcc = 5.0 V + 10%. 


ERASE/WRITE DISABLE (EWDS): To protect against acci- 
dental data disturb, the Erase/Write Disable (EWDS) instruction 
disables all programming modes and should be executed after 
all programming operations. The operation of the READ in- 


Vi 

cS Vi 
loSH 

Vin 

CLK y, 

Vi 

DI y, ie a. a ie 4a 

tep top ez 

V 

DO (READ) Vo. 
taBp ‘cz 


—— Vou 
RDY/BUSY STATUS VALID 
VoL | 


Note: 1. This is the minimum CLK period. 
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AT59C11/22/13 


Organization Key for cng Diagrams 


Density 2K Density 4K 


READ Timing 


0 
' eno 
Fe ean eect . AX 
HIGH-Z (Pn) (Do XX 
WRITE Timing 
ee ale TR TERRY 
cs RY 
ox — PLP LLLP 


Brrr re 


HIGH-Z 
Guus IWC 
EWEN/EWDS Timing 
CS 
CLK 
DI 1\o 0 xX xX X X X X X 
ENABLE = 11 
“DISABLE = 00 
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Timing Diagrams (Continued) 
ERAL Timing 


RKKKKKKKKKKKKY? 
CS KY 


(AT59C11/13) RDY/BUSY nn = t 
two 

(AT59C22) RDY/BUSY ; i 
two 


WRAL Timing 
CS / MU 
ax — PUTT eee 


DI 


(AT59C11/13) RDY/BUSY Ok a rane ek f 
two 

(AT59C22) RDY/BUSY i 
« two 
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AT59C11/22/13 


Ordering Information 


twc __|Icc (max)}IspB (max fMAX 
et Are ) (kHz) Ordering Code Operation Range 
10 300 7.0 500 AT59C11-10PC-2.5 8P3 Commercial 
AT59C11W-10SC-2.5 8S2 (0°C to 70°C) 
10 40 0.1 250 AT59C11-10PC-1.8 8P3 Commercial 
AT59C11W-10SC-1.8 8S2 (0°C to 70°C) 


10 1000 | 30.0 1000 AT59C11-10PI 8P3 Industrial 
AT59C11W-10SI 8S2 (-40°C to 85°C) 

10 400 10.0 1000 AT59C11-10PI-2.7 8P3 Industrial 
AT59C11W-10SI-2.7 8S2 (-40°C to 85°C) 

10 300 7.0 500 AT59C11-10PI-2.5 8P3 Industrial 
AT59C11W-10SI-2.5 8S2 (-40°C to 85°C) | 

10 40 0.1 250 AT59C11-10PI-1.8 8P3 Industrial 
AT59C11W-10SI-1.8 8S2 (-40°C to 85°C) 


Package Type 


8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


| Blank | Standard Device (4.5 V to 5.5 V) 
Low Voltage (2.7 V to 5.5 V) 
| -25 | Low Voltage (2.5 V to 5.5 V) | 


Low Voltage (1.8 V to 5.5 V) 


2-59 


Ordering Information 


t | ra | Le 
1000 1000 AT59C22-10PC 8P3 Commercial 
AT59C22W-10SC 8S2 (0°C to 70°C) 
1000 AT59C22-10PC-2.7 = 4 | foe | 
AT59C22W-10SC-2.7 = 4 | foe | to 70°C) 
AT59C22-10PC-2.5 8P3 Commercial 
AT59C22W-10SC-2.5 8S2 (0°C to 70°C) 
AT59C22-10PC-1.8 8P3 Commercial 
AT59C22W-10SC-1.8 8S2 (0°C to 70°C) 
10 1000 30.0 1000 AT59C22-10PI 8P3 Industrial 
AT59C22W-10SI 8S2 (-40°C to 85°C) 
10 400 10.0 1000 AT59C22-10PI-2.7 8P3 Industrial 
AT59C22W-10SI-2.7 8S2 (-40°C to 85°C) 
10 300 14) 500 AT59C22-10PI-2.5 8P3 Industrial 
AT59C22W-10S]I-2.5 8S2 (-40°C to 85°C) 
10 40 0.1 250 AT59C22-10PI-1.8 8P3 Industrial 
AT59C22W-10SI-1.8 8S2 (-40°C to 85°C) 


Fee a oe a 
ee 
Bienk | Sandadbermasvessy OCS 
[27 | LowVotage(@7Vi055V)_——SSCSC~“~“~*S*~“~“~*S*S*“~<ST 
[25 | towVolage(@5Vi055V)—=SOSCS~C~“~*“~*S*S*~“‘~“~S*S*S*“‘“~S*~S*~“<~S*S 
Pas 


Low ee (1.8 V to 5.5 
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AT59C11/22/13 


Ordering Information 


twc Icc (max) |} Isp (max fMAX 


Commercial 
0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


8P3 Industrial 
8S2 (-40°C to 85°C) 
8P3 Industrial 
8S2 (-40°C to 85°C) 


Industrial 


(-40°C to 85°C) 


Industrial 
-40°C to 85°C) 


Package Type 


8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


| 851 _— |: 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Blank | Standarddevco VOSS SSCSC~“~S~“~S~S~S~S 
25 | LowVotage@5viossv)SSOSC~“~*~“~*~*~“‘*S*S*S~“~*~*~“~S~S~S 
Ps | LowVotage(18vi0SSV)SSSSCSC~“~“~*~*~“~*~*~*~“~S 
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Features 


e Fast Read Access Time - 150 ns 
e Fast Byte Write - 200 us or 1 ms 
e Self-Timed Byte Write Cycle 
Internal Address and Data Latches 
Internal Control Timer 
Automatic Clear Before Write 
e Direct Microprocessor Control 
DATA POLLING 
e Low Power 4K (51 2X 8) 
30 mA Active Current 
100 pa CMOS Standby Current CMOS 
e High Reliability 
Endurance: 10‘ or 10° cycles E?PROM 
Data Retention: 10 years 
5V + 10% Supply 
CMOS & TTL Compatible Inputs and Outputs 
JEDEC Approved Byte Wide Pinout 
Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT28C04 is a low-power, high-performance Electrically Erasable and Programmable 
Read Only Memory with easy to use features. The AT28C04 is a 4K memory organized as 
512 words x 8 bits. The device is manufactured with Atmel’s reliable nonvolatile CMOS 
technology. 


The AT28C04 is accessed like a static RAM for the read or write cycles without the need of 
external components. During a byte write, the address and data are latched internally, freeing 
the microprocessor address and data bus for other operations. Following the initiation of a 
write cycle, the device will go to a busy state and automatically clear and write the latched 
data using an internal control timer. The end of a write cycle can be determined by DATA 
polling of I/O7. Once the end of a write cycle has been detected, a new access for a read or a 
write can begin. 


The CMOS technology offers fast access times of 150 ns at low power dissipation. When the 
chip is deselected the standby current is less than 100 WA. Atmel’s 28C04 has additional 
features to ensure high quality and manufacturability, including internal error correction for 
extended endurance and for improved data retention characteristics. 


Pin Configurations 


A7 NC VCC NC 


Pin Name Function 


1 VCC NC NC WE 

2 A8 
AO - A8 5 NC 
4 WE 
SE | _ Chip Enable 5 OE 
6 NC 
OE Cd Output Enable 7 CE 
8 vO7 
We | Write Enable 9 vo6 
VO5 

1/00 - 1/07 Data Inputs/Outputs vO4 13 21 

VO3 14151617181920 


No Connect 


VO's 12 NC 345 
GND 


Note: PLCC package pins 1 and 
17 are DON’T CONNECT. 


ee ilies 2-63 


ATMEL 


Block Diagram 


VGG «= 
GND —» 


OE 
We 
CE 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 
-0.6 V to +6.25 V 


with Respect to Ground 


All Output Voltages 
with Respect to Ground 


Voltage on OE 
with Respect to Ground 


-0.6 V to Vcc +0.6 V 


-0.6 V to +13.5 V 


Device Operation 


READ: The AT28C04 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in a high impedance state whenever 
CE or OE is high. This dual line control gives designers in- 
creased flexibility in preventing bus contention. 


BYTE WRITE: Writing data into the AT28C04 is similar to 
writing into a Static RAM. A low pulse on the WE or CE input 
with OE high and CE or WE low (respectively) initiates a byte 
write. The address location is latched on the last falling edge of 
WE (or CE); the new data is latched on the first rising edge. 
Internally, the device performs a self-clear before write. Once a 
byte write has been started, it will automatically time itself to 
completion. 

FAST BYTE WRITE: The AT28CO4F offers a byte write 


time of 200 ts maximum. This feature allows the entire device 
to be rewritten in 0.1 seconds. 


Y DECODER 


X DECODER 


DATA INPUTS/OUTPUTS 
00 - VO7 


DATA LATCH 
INPUT/OUTPUT 
BUFFERS 
Y-GATING 
CELL MATRIX 
IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DATA POLLING: The AT28C04 provides DATA POLL- 
ING to signal the completion of a write cycle. During a write 
cycle, an attempted read of the data being written results in the 
complement of that data for I/O7 (the other outputs are indeter- 
minate). When the write cycle is finished, true data appears on 
all outputs. 


WRITE PROTECTION: Inadvertent writes to the device are 
protected against in the following ways. (a) Vcc sense— if Vcc 
is below 3.8 V (typical) the write function is inhibited. (b) Vcc 
power on delay— once Vcc has reached 3.8 V the device will 
automatically time out 5 ms (typical) before allowing a byte 
write. (c) Write Inhibit— holding any one of OE low, CE high 
or WE high inhibits byte write cycles. 

CHIP CLEAR: The contents of the entire memory of the 
AT28C04 may be set to the high state by the CHIP CLEAR 
operation. By setting CE low and OE to 12 volts, the chip is 
cleared when a 10 msec low pulse is applied to WE. 
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D.C. and A.C. Operating Range 


AT28C04-15 AT28C04-20 AT28C04-25 
rc-7Fc OC -70C 00°C: 70°C 

Temperature (Case) -40°C - 85°C -40°C - 85°C -40°C - 85°C 

55°C - 125°C 55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+10% 5V+10% 5 V+10% 


Operating 


Operating Modes 


Standby/Write Inhibit e a Z 
Write Inhibit 


Write Inhibit 
Output Disable High Z 


Chip Erase VIL VH @ VIL High Z 


Notes: 1. X canbe Vy or Vin. 3. VH = 12.0 V+0.5 V. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


=e. Parameter Condition Min Max Units 
Input Load Current VIN=OVtoVcc+1V 


rae Output Leakage Current Vio=0V to Vcc 
Voc Standby Current CMOS CE = Voc-0.3 Vto Vec + 1.0 V 100 


Com. 
IsB2 Vcc Standby Current TTL CE = 2.0 V to Voc + 1.0 V 
Ind., Mil. mA 


f= 5 MHz; lout=0 mA 
CE =ViIL 


eee 
ee ne Se 
Vou 
Vou 


Vcc Active Current A.C. 


Output Low Voltage loL =2.1MA V 


Output High Voltage IOH = -400 LA 


Pin Capacitance (f= 1 MHz, T = 25°C)” 


4 6 pF Vin =0V 
8 12 pF Vout = 0V 


Note: 1. This parameter is characterized and is not 100% tested. 
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A.C. Read Characteristics 


A.C. Read Waveforms 


Output Hold from OE, CE or 
Address, whichever occurred first 


AT28C04-20 AT28C04-25 


250 
250 
10 


=" 
—s 
me 


ADDRESS q ADDRESS VALID Dp 


CE NO 
OE 


tACC 


i 


OUTPUT 1S ie i OUTPUT 
\ VAUD UO 


Notes: 


1. CE may be delayed up to tacc - tcg after the address transition 


without impact on tacc. 
2. OE may be delayed up to tcg - tog after the falling edge 


of CE without impact on tcg or by tacc - tog after an address 


change without impact on tacc. 


Input Test Waveforms and 
Measurement Level 


3.0V 
AC AC 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL 
0.0V 
tR, te< 20 ns 
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3. tpg is specified from OE or CE whichever occurs first 


(CL =5 pF). 


4. This parameter is characterized and is not 100% tested. 


Output Test Load 


5.0V 
1.8K 
OUTPUT 
PIN 
100pF 


1.3K T 


AT28C04 


A.C. Write Characteristics 


Symbol Parameter 
Address, OE Set-up Time 
Address Hold Time 
Write Pulse Width (WE or CE) 100 


AT28C04 0.5 1.0 ms 
AT28C04E/F 100 200 us 


Write Cycle Time 


A.C. Write Waveforms- WE Controlled 
OE 


: 
| 
=k 


ADDRESS > 


2) 
al of 
a($ 
nO}; WD 
7 
il 
ke 


| 
\V 


A.C. Write Waveforms- CE Controlled 
OE 


‘| 
m 
At 
op 
i 
Tl 
mi m 
= 


ADDRESS 


4 
m 
9) 
7) 
; 


DATA IN 


| 
\V 


= 
e) 
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Data Polling Characteristics” 


Symbol Parameter 
Data Hold Time 


OE Hold Time 


| toe __|_ OE to Output Delay 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE f 
CE nn 
tOEH 
OE F\ 7 
{DH 
(OE = HIGHZ oe 
07 


A0-A8 An An An xX An> 


ts = ty = 1 psec (min.) 
tw = 10 msec (min.) 
Ve=120Vt OSV 
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs. 
; TEMPERATURE - SUPPLY VOLTAGE 
N dis N 
- 3 2 
m m 1.2 
1 1.1 ri 
, | 40 
5 10 : 
d d 
0.8 
0.9 | 
G Cc 
C 08 C 06 
-55 -25 5 35 65 95 125 4.50 4.75 5.00 5.25 5.50 
Temperature (C) Supply Voltage (V) 
NORMALIZED SUPPLY CURRENT vs. NORMALIZED ACCESS TIME vs. 
ADDRESS FREQUENCY , OUTPUT LOAD 
N 
a f 
| 
in d 


QONP- 


Frequency (MHz) Output Load (pF) 
OUTPUT SINK CURRENT vs. OUTPUT SOURCE CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


-~cC UC O 
-~CUOUeCO 


e-sonnrc Q 
-s or ~C£Q 


Output Voltage (V) 


re Information 


Ordering Code Operation Range 
AT28C04(E,F)-15DC 24D6 Commercial 
AT28C04(E,F)-15PC 24P6 (0°C to 70°C) 
_ AT28C04(E,F)-15DI ia Industrial 
AT28C04(E,F)-15PI ia (-40°C to 85°C) 
AT28C04(E,F)-15DM/883 24D6 Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
AT28C04(E,F)-20DC 24D6 Commercial 
AT28C04(E,F)-20PC 24P6 (0°C to 70°C) 
200 45 AT28C04(E,F)-20DI 24D6 Industrial 
AT28C04(E,F)-20PI 24P6 (-40°C to 85°C) 
AT28C04(E,F)-20DM/883 24D6 Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
250 30 0.1 AT28C04(E,F)-25DC 24D6 Commercial 
AT28C04(E,F)-25PC 24P6 (0°C to 70°C) 
AT28C04-W DIE 
AT28C04(E,F)-25DI 24D6 Industrial 
AT28C04(E,F)-25PI 24P6 -40°C to 85°C) 
AT28C04(E,F)-25DM/883 ee 
Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 
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Features 


Fast Read Access Time - 150 ns 
e Fast Byte Write - 200 us or1ms 
e Self-Timed Byte Write Cycle 
internal Address and Data Latches 
Internal Control Timer 
Automatic Clear Before Write 
e Direct Microprocessor Control 
DATA POLLING 
e Low Power 
30 mA Active Current 
100 nA CMOS Standby Current 
e High Reliability 
Endurance: 10° or 10° cycles 
Data Retention: 10 years 
5 V+ 10% Supply 
CMOS & TTL Compatible Inputs and Outputs 
JEDEC Approved Byte Wide Pinout 
Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT28C16 is a low-power, high-performance Electrically Erasable and Programmable 
Read Only Memory with easy to use features. The AT28C16 is a 16K memory organized as 
2,048 words x 8 bits. The device is manufactured with Atmel’s reliable non-volatile CMOS 
technology. 


The AT28C16 is accessed like a static RAM for the read or write cycles without the need of 
external components. During a byte write, the address and data are latched internally, freeing 
the microprocessor address and data bus for other operations. Following the initiation of a 
write cycle, the device will go to a busy state and automatically clear and write the latched 
data using an internal control timer. The end of a write cycle can be determined by DATA 
polling of I/O7. Once the end of a write cycle has been detected, a new access for a read ora 
write can begin. 


The CMOS technology offers fast access times of 150 ns at low power dissipation. When the 
chip is deselected the standby current is less than 100 WA. 


Atmel’s 28C16 has additional features to ensure high quality and manufacturability. The de- 
vice utilizes error correction internally for extended endurance and for improved data reten- 
tion characteristics. An extra 32 bytes of EPROM are available for device identification or 
tracking. 


Pin Configurations 


A7 NC VCC_NC 
NC NC WE 


Tce _| Chipenable | 
OE | Output Enable 
ae 
No Connect 


1 
2 
3 
4 
5 
6 
7 
8 
9 


3 2 

14151617181920 

VO's 12 NC345 
GND 


Note: PLCC package pins 1 and 
17 are DON’T CONNECT. 
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16K (2K x 8) 
CMOS 
E7PROM 
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Block Diagram 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 
-0.6 V to +6.25 V 


with Respect to Ground 


All Output Voltages 
with Respect to Ground 


Voltage on OE and AQ 
with Respect to Ground 


-0.6 V to Vcc +0.6 V 


-0.6 V to +13.5 V 


Device Operation 


READ: The AT28C16 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in a high impedance state whenever 
CE or OE is high. This dual line control gives designers in- 
creased flexibility in preventing bus contention. 


BYTE WRITE: Writing data into the AT28C16 is similar to 
writing into a Static RAM. A low pulse on the WE or CE input 
with OE high and CE or WE low (respectively) initiates a byte 
write. The address location is latched on the last falling edge of 
WE (or CE); the new data is latched on the first rising edge. 
Internally, the device performs a self-clear before write. Once a 
byte write has been started, it will automatically time itself to 
completion. 

FAST BYTE WRITE: The AT28C16F offers a byte write 
time of 200 [ts maximum. This feature allows the entire device 
to be rewritten in 0.4 seconds. 

DATA POLLING: The AT28C16 provides DATA POLL- 


ING to signal the completion of a write cycle. During a write 
cycle, an attempted read of the data being written results in the 


Y DECODER 


X DECODER 


DATA INPUTS/OUTPUTS 
O00 - VO7 


DATA LATCH 
INPUT/OUTPUT 
BUFFERS 
Y-GATING 
CELL MATRIX 
IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


complement of that data for I/O7 (the other outputs are indeter- 
minate). When the write cycle is finished, true data appears on 
all outputs. | 


WRITE PROTECTION: _ Inadvertent writes to the device are 
protected against in the following ways. (a) Vcc sense— if Vcc 
is below 3.8 V (typical) the write function is inhibited. (b) Vcc 
power on delay— once Vcc has reached 3.8 V the device will 
automatically time out 5 ms (typical) before allowing a byte 
write. (c) Write Inhibit— holding any one of OE low, CE high 
or WE high inhibits byte write cycles. 

CHIP CLEAR: The contents of the entire memory of the 
AT28C16 may be set to the high state by the CHIP CLEAR 
operation. By setting CE low and OE to 12 volts, the chip is 
cleared when a 10 msec low pulse is applied to WE. 


DEVICE IDENTIFICATION: An extra 32 bytes of E’PROM 
memory are available to the user for device identification. By 
raising A9 to 12 + 0.5 V and using address locations 7EOH to 
7FFH the additional bytes may be written to or read from in the 
same manner as the regular memory array. 
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D.C. and A.C. Operating Range 


AT28C16-15 AT28C16-20 AT28C16-25 

oCG-70°'C 0°C - 70°C 0-G-70'C 
Temperature (Case) ; -40°C - 85°C -40°C - 85°C -40°C - 85°C 
-55°C - 125°C -55°C - 125°C 55°C --125°C 


Vcc Power Supply 5V+10% 5V+10% 5V+10% 


Operating 


Operating Modes 


Mode CE OE WE VO 
Read VIL DouT 
Write!) VIL DIN 
Standby/Write Inhibit ViH High Z 
Write Inhibit 


Write Inhibit 
Output Disable so Z 


Chip Erase 


Notes: 1. X can be Vy, or Voi. > a = 120 V+t05 V. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


Symbol Parameter Condition 
Input Load Current ViNn=O0VtoVcc+1V 
Output Leakage Current Vio=0V to Vcc 
Vcc Standby Current CMOS CE = Vcc-0.3 Vto Vcc + 1.0 V 


Com 
Vcc Standby Current TTL CE = 2.0 Vto Veco + 1.0 V a aL 
n i 


f = 5 MHz; loutT=0 mA Com. 
CE = VIL Ind., Mil. 


Input Low Voltage 08 Vv 
Input High Voltage 2.0 


V 
Output Low Voltage loL = 2.1 MA V 
VOH Output High Voltage IOH = -400 LA 2.4 V 


Vcc Active Current A.C. 


Pin Capacitance (f= 1 MHz, T = 25°C) 


Units Conditions 


ee cr 


Note: 1. This parameter is characterized and is not 100% tested. 
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A.C. Read Characteristics 


AT28C16-15 AT28C16-20 AT28C16-25 
Symbol | Parameter Poin Max | vin Max | Min Max 


Address to Output Delay po | | |g 
CE to Output Delay pt | | 8 |g 
toe | OE to Output Delay 10100 | ns 
t 0 0 55 

tOH 


CEorOEHigh to OutputFloat | 0 0 | 0 85 | Os 


Output Hold from OE, CE or 
Address, whichever occurred first 


A.C. Read Waveforms 


ADDRESS q DDRESS VALID 


A > 
CE NO 
OE 
tDF- 
tACC 


OUTPUT SL Ladd | OUTPUT 
X_N VALID OO 


Notes: 

1. CE may be delayed up to tacc - tcx after the address transition 3. tor is specified from OE or CE whichever occurs first 
without impact on tacc. (CL =5 pF). 

2. OE may be delayed up to tcg - tog after the falling edge 4. This parameter is characterized and is not 100% tested. 
of CE without impact on tce or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5.0V 
1.8K 
x sical a OUTPUT 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL 1.3K J ad 
0.0V 

tr, te< 20 ns 
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A.C. Write Characteristics 


Symbol Parameter Min Typ Max Units 
Address, OE Set-up Time 10 ns 


-up Ti 50 n 
OE i 10 


S 
Data Set-up Time Ss 
Data, OE Hold Time ns 


AT28C16 0.5 1.0 ms 
AT28C16E/F 100 200 us 


Write Cycle Time 


A.C. Write Waveforms- WE Controlled 


OE 
tOEH 
ADDRESS > Ke 


= tAS 
CE 
ics 


a | 
m 
i 
P | 
= in 


| 
\V 


= 
fo) 


A.C. Write Waveforms- CE Controlled 


OE 
tOEH 
ADDRESS >| OK 


ail 
mi 
> 
WY 
) 
r 


| 
\V 


= 
Oo 
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Data Polling Characteristics” 
Symbol Parameter i Max 
Data Hold Time 100 ns 


OE to Output Delay 100 


Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


ts = ty = 1 psec (min.) 
tw = 10 msec (min.) iE 
VH=12.0V+ 0.5 V 


2-76 AT28C1 6 (SUB LS Snel ya A la 


Mi en mmm PT COLTS 


NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs. 
; TEMPERATURE - SUPPLY VOLTAGE 
N s N ‘ 
— 2 
m m 1.2 
: 1.1 ‘ 
| 40 
tt ‘ 
d d 
0.8 
| 0.9 
Cc Cc 
C 08 C 06 
-55 -25 5 35 65 95 125 4.50 4.75 5.00 §.25 5.50 
Temperature (C) Supply Voltage (V) 
NORMALIZED SUPPLY CURRENT vs. NORMALIZED ACCESS TIME vs. 
ADDRESS FREQUENCY r OUTPUT LOAD 
N 
: i 
| ' 
; d 


t 
A 
: : 
Frequency (MHz) Output Load (pF) 
OUTPUT SINK CURRENT vs. OUTPUT SOURCE CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


-~cURcCO 
-~cURrCO 


a a ie i a <a @) 
eres. eornrncdga 


Output Voltage (V) 
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Ordering Information 


ATMEL 


Ordering Code Package Operation Range 
Standby , 


0.1 AT28C16 
AT28C16 
AT28C16 
AT28C16 


150 AT28C16 
AT28C16 
AT28C16 
AT28C16 


AT28C16 
AT28C16 


200 : AT28C16 
AT28C16 
AT28C16 
AT28C16 


200 45 AT28C16 
AT28C16 
AT28C16 
AT28C16 
AT28C16 
AT28C16 


AT28C16( 
AT28C16( 
AT28C16( 
AT28C16( 
AT28C16-W 


. AT28C16(E, 
AT28C16(E, 
AT28C16(E, 
AT28C16(E, 
AT28C16(E, 


AT28C16(E, 
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)-15DC 
)-15JC 
)-15PC 
)-15SC 


)-15DI 
)-15ul 
)-15PI 
)-15SI 


)-15DM/883 
)-15LM/883 


-20DC 
-20JC 
-20PC 
-20SC 


-20DI 
-20JI 
-20PI 
-20SI 


-20DM/883 
-20LM/883 


F)-25DC 
F)-25JC 
F)-25PC 
F)-25SC 


-25DI 
-25Jl 
-25P I 
-25S| 


-25DM/883 
-25LM/883 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Ordering Information 


Package Type 


| 2406 24 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 

32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 

24 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 

24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
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Features 


e Fast Read Access Time - 150 ns 
e Fast Byte Write - 200 us or 1 ms 
e Self-Timed Byte Write Cycle 
Internal Address and Data Latches 
Internal Control Timer 
Automatic Clear Before Write 
e Direct Microprocessor Control 
DATA POLLING 
READY/BUSY Open Drain Output 
e Low Power 
30 mA Active Current 
100 pa CMOS Standby Current 
e High Reliability 
Endurance: 10° or 10° cycles 
Data Retention: 10 years 
5 V + 10% Supply 
CMOS & TTL Compatible Inputs and Outputs 
JEDEC Approved Byte Wide Pinout 
Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT28C17 is a low-power, high-performance Electrically Erasable and Programmable 
Read Only Memory with easy to use features. The AT28C17 is a 16K memory organized as 
2,048 words x 8 bits. The device is manufactured with Atmel’s reliable nonvolatile CMOS 
technology. 


The AT28C17 is accessed like a static RAM for the read or write cycles without the need of 
external components. During a byte write, the address and data are latched internally, freeing 
the microprocessor address and data bus for other operations. Following the initiation of a 
write cycle, the device will go to a busy state and automatically clear and write the latched 
data using an internal control timer. The device includes two methods for detecting the end of 
a write cycle, level detection of RDY/BUSY and DATA polling of I/O7. Once the end of a 
write cycle has been detected, a new access for a read or a write can begin. 


The CMOS technology offers fast access times of 150 ns at low power dissipation. When the 
chip is deselected the standby current is less than 100 LA. 


Atmel’s 28C17 has additional features to ensure high quality and manufacturability. The de- 
vice utilizes error correction internally for extended endurance and for improved data reten- 
tion characteristics. An extra 32 bytes of E7PROM are available for device identification or 
tracking. 


Pin Configurations 


Pin Name Function RDY/BUSY C 


AQ - A10 a7 & 
Chip Enable ns 6 
| OE _—_|_ Output Enable mae 

A2Cc 
Write Enable Aid 
Ao G10 vO7 
1/00 - 1/07 Data Inputs/Outputs yoo 014 vO6 = : 
BUSY ee vo1 412 Te) 
RDY/BUSY Ready/Busy Output ot : a ac 14151617181920 
GND C14 VO3 W's 12 NC345 


OMDNONTA WH — 


CE 
WE 


* = RDY/BUSY 


Note: PLCC package pins 1 and 
17 are DON’T CONNECT. 


ATMEL 


16K (2K x 8) 
CMOS 
E°7PROM 
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MEL 


Block Diagram 


Y DECODER 


X DECODER 


Absolute Maximum Ratings* 


ADDRESS 
INPUTS 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 
-0.6 V to +6.25 V 


with Respect to Ground 


All Output Voltages 
with Respect to Ground 


Voltage on OE and AQ 
with Respect to Ground 


-0.6 V to Vcc +0.6 V 


-0.6 V to +13.5 V 


Device Operation 


READ: The AT28C17 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in a high impedance state whenever 
CE or OE is high. This dual line control gives designers in- 
creased flexibility in preventing bus contention. 


BYTE WRITE: Writing data into the AT28C17 is similar to 
writing into a Static RAM. A low pulse on the WE or CE input 
with OE high and CE or WE low (respectively) initiates a byte 
write. The address location is latched on the last falling edge of 
WE (or CE); the new data is latched on the first rising edge. 
Internally, the device performs a self-clear before write. Once a 
byte write has been started, it will automatically time itself to 
completion. 


FAST BYTE WRITE: The AT28C17F offers a byte write 
time of 200 Lis maximum. This feature allows the entire device 
to be rewritten in 0.4 seconds. 


READY/BUSY: Pin 1 is an open drain READY/BUSY out- 
put that can be used to detect the end of a write cycle. 
RDY/BUSY is actively pulled low during the write cycle and is 
released at the completion of the write. The open drain connec- 
tion allows for OR-tying of several devices to the same 
RDY/BUSY line. 


2-82 


DATA INPUTS/OUTPUTS 
1/00 - VO7 


DATA LATCH 
INPUT/OUTPUT 
BUFFERS 
Y-GATING 
CELL MATRIX 
IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DATA POLLING: The AT28C17 provides DATA POLL- 
ING to signal the completion of a write cycle. During a write 
cycle, an attempted read of the data being written results in the 
complement of that data for I/O7 (the other outputs are indeter- 
minate). When the write cycle is finished, true data appears on 
all outputs. 


WRITE PROTECTION: _ Inadvertent writes to the device are 
protected against in the following ways. (a) Vcc sense— if Vcc 
is below 3.8 V (typical) the write function is inhibited. (b) Vcc 
power on delay— once Vcc has reached 3.8 V the device will 
automatically time out 5 ms (typical) before allowing a byte 
write. (c) Write Inhibit— holding any one of OE low, CE high 
or WE high inhibits byte write cycles. 

CHIP CLEAR: The contents of the entire memory of the 
AT28C17 may be set to the high state by the CHIP CLEAR 
operation. By setting CE low and OE to 12 volts, the chip is 
cleared when a 10 msec low pulse is applied to WE. 


DEVICE IDENTIFICATION: An extra 32 bytes of E7PROM 
memory are available to the user for device identification. By 
raising A9 to 12 + 0.5 V and using address locations 7EOH to 
7FFH the additional bytes may be written to or read from in the 
same manner as the regular memory array. 


AOS SL ART 


D.C. and A.C. Operating Range 


AT28C17-15 AT28C17-20 AT28C17-25 
0°C - 70°C 0°C - 70°C 0°C - 70°C 

Temperature (Case) . -40°C - 85°C -40°C - 85°C -40°C - 85°C 

-55°C - 125°C -55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+10% 5V+10% 5V+10% 


Operating 


Operating Modes 


Chip Erase VIL VH 5 VIL High Z 
Notes: 1. X can be Vy or Vo. 3. Ve2120V £05 V. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


Symbol Parameter Condition Min Max Units 


in| Input Load Current Vin=OVtoVcc+1V 10 LA 
lo Output Leakage Current Vivo =0 V to Vcc LA 


IsB1 Vcc Standby Current CMOS CE =Vcc-0.3Vto Vcc +1.0V WA 


_— Com. mA 
IsB2 Vcc Standby Current TTL CE=2.0Vto Vcc +1.0V 
Ind., Mil. mA 


f = 5 MHz; lout = 0 mA 


Vcc Active Current A.C. CE = Vi 


lol = 2.1 MA 
= 4.0 for RDY/BUSY 


Output High Voltage IOH = 


Output Low Voltage 


at 
ome Input High Voltage 
a 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


Units Conditions 


CN VIN=O0V 
Vout = 0V 


Note: 1. This parameter is characterized and is not 100% tested. 


AT28C17-15 AT28C17-20 AT28C17-25 


CE to Output Delay 150 | 200 


ce‘” 
OE to Output Delay 


t 
tor & | CE or OE High to Output Float 


Output Hold from OE, CE or 
Address, whichever occurred first 


A.C. Read Waveforms 


ADDRESS 4 ADDRESS VALID P 
CE NO 
OE 
tDF 
tACC 
OUTPUT HIGH Z | OUTPUT 
Wa 
SAL VALID PT) 
Notes: _—— 
1. CE may be delayed up to tacc - tcg after the address transition 3. tpFis specified from OE or CE whichever occurs first 
without impact on tacc. (CL =5 pF). 
2. OE may be delayed up to tce - tog after the falling edge 4. This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5.0V 
1.8K 
3.0V . 
se x OuTEUT 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL ha J “a 
0.0V 
tR, te< 20 ns 
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A.C. Write Characteristics 


Symbol Parameter Min Typ Max Units 
Address, OE Set-up Time 10 ns 
tAH Address Hold Time 50 ns 
Write Pulse Width (WE or CE) 100 1000 ns 
Data Set-up Time 50 ns 
Data, OE Hold Time 10 ns 
htop Time to Device Busy 50 ns 
— Write Cycle Time AT28C17 0.5 1.0 ms 
AT28C17E/F 100 200 us 


A.C. Write Waveforms- WE Controlled 


OE 
tOEH 
ADDRESS >< a  <e 


WE en 
DATA IN 
a, 
t 


RDY/BUSY 


A.C. Write Waveforms- CE Controlled 


OE 
tOEH 
ADDRESS >| 


DATA IN 
ees aed 
t 


RDY/BUSY 


oO 
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Data Polling Characteristics'” 
Symbol Parameter 
Data Hold Time 
OE Hold Time 


toe _—«|.-« OE to Output Delay 


Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


= $p——— 
WE 
CE rH /\ 
tOEH 
OE FF [TN 
tDH 

tOE HIGH Z ipames il 

O07 


A0-A10 An < An > An An < An> 


ts = ty = 1 psec (min.) 
tw = 10 msec (min.) vit 
VH=12.0V+ 0.5 V 
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MAAC Os eM: 


Qon-—-HManoz 


Q0- 


Q2QOon-—-MBn og 


Q0— 


-cUR CO 


- so 7, na CO 


NORMALIZED SUPPLY CURRENT vs. 


TEMPERATURE 


— 
w 


-55 -25 35 65 95 125 


5 
Temperature (C) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


Frequency (MHz) 


OUTPUT SINK CURRENT vs. 
OUTPUT VOLTAGE 


Aon —-HMBagnozZ 


Q0- 


Qon—-—-pM en ogz 


QOPF- 


-cCcUOUReCO 


-3sonrnrcdaQa 


NORMALIZED SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


0.8 


4.50 4.75 5.00 5.25 5.50 
Supply Voltage (V) 


NORMALIZED ACCESS TIME vs. 
OUTPUT LOAD 


Output Load (pF) 


OUTPUT SOURCE CURRENT vs. 
OUTPUT VOLTAGE 


Output Voltage (V) 
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Ordering Information 


tACC Icc (mA) 
(ns) Standby 


Ordering Code Operation Range 


AT28C17(E,F)-15DC Commercial 
AT28C17(E,F)-15JC (0°C to 70°C) 
AT28C17(E,F)-15PC 
AT28C17(E,F)-15SC 


AT28C17(E,F)-15DI 
AT28C17(E,F)-15ul 
AT28C17(E,F)-15PI 
AT28C17(E,F)-15SI 


AT28C17(E,F)-15DM/883 
AT28C17(E,F)-15LM/883 


Industrial 


(-40°C to 85°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
AT28C17(E,F)-20DC Commercial 
AT28C17(E,F)-20JC (0°C to 70°C) 
AT28C17(E,F)-20PC 

AT28C17(E,F)-20SC 


Ped 
45 AT28C17(E,F)-20DI Industrial 
AT28C17(E,F)-20JI (-40°C to 85°C) 
AT28C17(E,F)-20PI 
AT28C17(E,F)-20SI 
AT28C17(E,F)-20DM/883 Military/883C 
AT28C17(E,F)-20LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 
ee 
GRE 


AT28C17 -25DC Commercial 
(0°C to 70°C) 


(E,F) 
AT28C17(E,F)-25JC 
AT28C17(E,F)-25PC 
AT28C17(E,F) 


AT28C17-W 


AT28C17(E,F)-25DI Industrial 
AT28C17(E,F)-25Jl (-40°C to 85°C) 
AT28C17(E,F)-25PI 

AT28C17(E,F)-25SI 


AT28C17(E,F)-25DM/883 
AT28C17(E,F)-25LM/883 


-25SC 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
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Ordering Information 


Package Type 


28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 

32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 

28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 

28 Lead, 0.300" Wide, Plastic Gull Wing, Small Outline (SOIC) 
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MPM Oe: 88 | 2 OCO4/X 


Features 


e Fast Read Access Time - 120 ns 

e Fast Byte Write - 200 us or 1 ms 

e Self-Timed Byte Write Cycle 
Internal Address and Data Latches 
Internal Control Timer 
Automatic Clear Before Write 

e Direct Microprocessor Control 
READY/BUSY Open Drain Output 
DATA Polling 

e Low Power 


64K (8K x 8) 


30 mA Active Current CMOS 
E*PROM 


100 nA CMOS Standby Current 

e High Reliability 

Endurance: 10° or 10° Cycles 

Data Retention: 10 years 
5 V+ 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
JEDEC Approved Byte-Wide Pinout 
Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT28C64 is a low-power, high-performance 8,192 words x 8 bit nonvolatile Electrically 
Erasable and Programmable Read Only Memory with popular, easy to use features. The de- 
vice is manufactured with Atmel’s reliable nonvolatile technology. 


The AT28C64 is accessed like a Static RAM for the read or write cycles without the need for 
external components. During a byte write, the address and data are latched internally, freeing 
the microprocessor address and data bus for other operations. Following the initiation of a 


(continued on next page) 


Pin Configurations TSOP Top View 


Aid — 
VO7 
VO5S 
VO3 
VvO2 
OO 


A141 


WE 


OE | OutputEnable 
Ready/Busy Output 


A7 * VCC_NC 
A12 NC WE 


OONO OhWND — 


5 
6 
7 
8 
9 
10 
11 
12 


13 
14151617181920 


O's 12 NC 345 


* = RDY/BUSY (or NC) 


Note: PLCC package pins 1 and 
17 are DON’T CONNECT. 
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Description (Continued) 


write cycle, the device will go to a busy state and automatically 
clear and write the latched data using an internal control timer. 
The device includes two methods for detecting the end of a write 
cycle, level detection of RDY/BUSY (unless pin 1 is N.C.) and 
DATA polling of 1/07. Once the end of a write cycle has been 
detected, a new access for a read or write can begin. 


The CMOS technology offers fast access times of 150 ns at low 
power dissipation. When the chip is deselected the standby cur- 
rent is less than 100 LWA. 


Block Diagram 


OE 

WE OE, CE AND WE 
il LOGIC 

CE — 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 


with Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on OE and AQ 
with Respect to Ground 


-0.6 V to +13.5 V 


Y DECODER 


X DECODER 


Atmel’s 28C64 has additional features to ensure high quality 
and manufacturability. The device utilizes error correction in- 
ternally for extended endurance and for improved data retention 
characteristics. An extra 32 bytes of E7PROM are available for 
device identification or tracking. 


DATA INPUTS/OUTPUTS 
I/00 - VO7 


DATA LATCH 
INPUT/OUTPUT 
BUFFERS 
Y-GATING 
CELL MATRIX 
IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Device Operation 


READ: The AT28C64 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in a high impedance state whenever 
CE or OE is high. This dual line control gives designers in- 
creased flexibility in preventing bus contention. 


BYTE WRITE: Writing data into the AT28C64 is similar to 
writing into a Static RAM. A low pulse on the WE or CE input 
with OE high and CE or WE low (respectively) initiates a byte 
write. The address location is latched on the falling edge of WE 
(or CE); the new data is latched on the rising edge. Internally, 
the device performs a self-clear before write. Once a byte write 
has been started, it will automatically time itself to completion. 


FAST BYTE WRITE: The AT28C64F offers a byte write 
time of 200 us maximum. This feature allows the entire device 
to be rewritten in 1.6 seconds. 


READY/BUSY: Pin 1 is an open drain READY/BUSY out- 
put that can be used to detect the end of a write cycle. 
RDY/BUSY is actively pulled low during the write cycle and is 
released at the completion of the write. The open drain connec- 
tion allows for OR-tying of several devices to the same 
RDY/BUSY line. Pin 1 is not connected for the AT28C64X. 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
4 6 pF VIN =0V 
8 12 pF Vout = 0 V 


DATA POLLING: The AT28C64 provides DATA POLL- 
ING to signal the completion of a write cycle. During a write 
cycle, an attempted read of the data being written results in the 
complement of that data for I/O7 (the other outputs are indeter- 
minate). When the write cycle is finished, true data appears on 
all outputs. 


WRITE PROTECTION: Inadvertent writes to the device are 
protected against in the following ways. (a) Vcc sense— if Vcc 
is below 3.8 V (typical) the write function is inhibited. (b) Vcc 
power on delay— once Vcc has reached 3.8 V the device will 
automatically time out 5 ms (typical) before allowing a byte 
write. (c) Write Inhibit— holding any one of OE low, CE high 
or WE high inhibits byte write cycles. . 
CHIP CLEAR: The contents of the entire memory of the 
AT28C64 may be set to the high state by the CHIP CLEAR 
operation. By setting CE low and OE to 12 volts, the chip is 
cleared when a 10 msec low pulse is applied to WE. 

DEVICE IDENTIFICATION: An extra 32 bytes of E?PROM 
memory are available to the user for device identification. By 
raising A9 to 12 + 0.5 V and using address locations 1FEQH to 
1FFFH the additional bytes may be written to or read from in the 
same manner as the regular memory array. 
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D.C. and A.C. Operating Range 


AT28C64-12 AT28C64-15 AT28C64-20 AT28C64-25 

o°G-70'C OC-70C 0°C-70°C o“G-70o°C 

alles °C - 85°C °C - 85°C 40°C - 85°C 40°C - 85°C 
Temperature (Case) “40°C - 85 “40°C -8 “an be aH 

-55°C «125°C -55°C - 125°C -55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+10% 5V+10% 5V+10% 5V+10% 


Operating Modes 


Mode CE 
Read VIL 
Write?) VIL 
Standby/Write Inhibit VIH 


Write Inhibit X X VIH 


Write Inhibit 4 VIL 


Output Disable X 


Chip Erase 


Notes: 1. X can be Vy, or Vu. 3. Vy = 12.0 V+0.5 V. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


Symbol Parameter Condition Min Max Units 


Input Load Current Vin =0V to Voc +1V 10 A 
Output Leakage Current Vivo =0 Vto Vcc 10 LA 
Vcc Standby CurrentCMOS CE = Vcc-0.3 Vto Vec + 1.0 V 100 pA 

: 2 mA 


__ Com 
IsB2 Voc Standby Current TTL CE =2.0 Vto Vcc + 1.0 V 
Ind., Mil. 3 mA 


f = 5 MHz; lout =0 mA Com. 30 mA 
CE = VIL Ind., Mil. 45 mA 


Input Low Voltage 0.8 V 
Input High Voltage 2.0 V 


loL = 2.1 MA 


loc Vcc Active Current A.C. 


VOL Output Low Voltage _ 4.0 mA for RDY/BUSY 45 V 
Output High Voltage loH = -400 wA 2.4 V 


94 AT28C64/X 


NO 


AT28C64/X 


A.C. Read Characteristics 


AT28C64-12 | AT28C64-15 | AT28C64-20 | AT28C64-25 
Symbol | Parameter emer 


Address to Output Delay 
CE to Output Delay 


OE to Output Delay 
CE or OE High to Output Float oe 3s as 


Output Hold from OE, CE or 
Address, whichever occurred first 


A.C. Read Waveforms 


ADDRESS q ADDRESS VALID p 


CE 
OE 
tDF 
tACC 
/ N 
OUTPUT HIGH Z OUTPUT 
XN VALID 
Notes: a ee 
1. CE may be delayed up to tacc - tcr after the address transition 3. tpFis specified from OE or CE whichever occurs first 
without impact on tacc. (CL =5 pF). 
2. OE may be delayed up to tcg - tog after the falling edge 4. This parameter is characterized and is not 100% tested. 
of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 
Input Test Waveforms and Output Test Load 
Measurement Level 5.0V 
1.8 
3.0V 
AC AC ks A 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL 1.3K J 1O0pF 
0.0V 
tr, tr< 20 ns 
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A.C. Write Characteristics 


Symbol Parameter 


Address, OE Set-up Time 
lta ws Address Hold Time 


{AH 
Write Pulse Width (WE or CE) 


Data Set-up Time 


Data, OE Hold Time 


Time to Device Busy 
Write Cycle Time 


A.C. Write Waveforms- WE Controlled 


AT28C64 
AT28C64E/F 


OE 
tOEH 
ADDRESS > le :. 4 eee. 
tAS 
5% 
a tcS - 
WE 
DATA IN —_ 
a ed ‘ 
RDY/BUSY tDB 
tWC 


A.C. Write Waveforms- CE Controlled 


OE 
tOEH 
ADDRESS >| lO KCFT 
_— tAS 
WE tCH 
7 os] SS 
CE 
DATA = IN oe 
sees anenered 

RDY/BUSY tDB 

tWC 
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AT28C64/X 


Data Polling Characteristics” 


Symbol Parameter 


tDH Data Hold Time 

toEH OE Hold Time 

toe OE to Output Delay 
tWR Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


ts = ty = 1 psec (min.) 
tw = 10 msec (min.) 
Vo=12.0VE 05 V 
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onen QAOon-—-aMaagnrogz 
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NORMALIZED SUPPLY CURRENT vs. 
TEMPERATURE 


— 
wo 


-55 -25 5 35 65 95 125 
Temperature (C) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


Frequency (MHz) 


OUTPUT SINK CURRENT vs. 
OUTPUT VOLTAGE 


AT28C64/X 


Qa0- QAeon-—-M Br o0Z 


Q0NP- 2Aeoan-—-wMIgnrooz 


-Dseonrnnrnrcd -~-cUouec Oo 


NORMALIZED SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


_ 
‘iA 


4.50 4.75 5.00 5.25 5.50 
Supply Voltage (V) 


NORMALIZED ACCESS TIME vs. 
OUTPUT LOAD 


Output Load (pF) 


OUTPUT SOURCE CURRENT vs. 
OUTPUT VOLTAGE 


AT28C64/X 


Ordering Code Operation Range 


AT28C64(E,F)-12DC 
AT28C64(E,F)-12JC 
AT28C64(E,F)-12PC 
AT28C64(E,F)-12SC 


) 
) 
) 
) 
AT28C64(E,F)-12DI 
AT28C64(E,F)-12uI 
AT28C64(E,F)-12PI 
) 
) 
) 
) 
) 


Ordering Information 


tacc Icc (MA) 
7) Standby 


120 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


AT28C64(E,F)-12SI 


AT28C64(E,F)-12DM/883 
AT28C64(E,F)-12FM/883 
AT28C64(E,F)-12LM/883 


AT28C64(E,F)-15DC 
AT28C64(E,F)-15JC 
AT28C64(E,F)-15PC 
AT28C64(E,F)-15SC 
AT28C64(E,F)-15TC 


AT28C64(E,F)-15DI 
AT28C64(E,F)-15ul 
AT28C64(E,F)-15PI 
AT28C64(E,F)-15SI 
AT28C64(E,F)-15TI 


AT28C64(E,F)-15DM/883 
AT28C64(E,F)-15FM/883 
AT28C64(E,F)-15LM/883 


) 
AT28C64(E,F)-20DC 
AT28C64(E,F)-20JC 

) 

) 

) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Commercial 
(0°C to 70°C) 
AT28C64(E,F)-20PC 
AT28C64(E,F)-20SC 


AT28C64(E,F)-20DI 
AT28C64(E,F)-20uI 


Industrial 
(-40°C to 85°C) 


AT28C64(E,F)-20PI 

AT28C64(E,F)-20SI 

AT28C64(E,F)-20DM/883 Military/883C 
AT28C64(E,F)-20FM/883 Class B, Fully Compliant 


AT28C64(E,F)-20LM/883 (-55°C to 125°C) 


AT28C64(E,F)-25DC Commercial 
AT28C64(E,F)-25JC (0°C to 70°C) 
AT28C64(E,F)-25PC 
AT28C64(E,F)-25SC 


AT28C64-W 


AT28C64(E,F)-25DI 
AT28C64(E,F)-25uI 
AT28C64(E,F)-25P| 
AT28C64(E,F)-25SI 


Industrial 
(-40°C to 85°C) 
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Ordering Information 


! ) 
ins) = Ordering Code Package Operation Range 
— 


AT28C64(E,F)-25DM/883 28D6 
AT28C64(E,F)-25FM/883 28F 
AT28C64(E,F)-25LM/883 32L 


AT28C64(E,F)-30DM/883 28D6 
AT28C64(E,F)-30FM/883 28F 
AT28C64(E,F)-30LM/883 32L 


AT28C64(E,F)-35DM/883 28D6 
AT28C64(E,F)-35FM/883 28F 
AT28C64(E,F)-35LM/883 32L 


5962-87514 17 XX 28D6 
5962-87514 17 YX 32L 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 


5962-87514 16 XX 28D6 
5962-87514 16 YX 32L 


5962-87514 15 XX 28D6 
5962-87514 15 YX 32L 
5962-87514 15 ZX 28F 


5962-87514 14 XX 28D6 
5962-87514 14 YX 32L 


5962-87514 13 XX 28D6 
5962-87514 13 YX 32L Class B, Fully Compliant 
5962-87514 13 ZX 28F (-55°C to 125°C) 


Notes: 1. Electrical specifications for these speeds are defined in Standardized Military Drawing 5962-87514. 


Package Type 
28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
28 Lead, 0.300" Wide, Plastic Gull Wing, Small Outline (SOIC) 
28 Lead, Plastic Thin Small Outline Package (TSOP) 


Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms 


High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 ps 


Fast Write Option: Write Time = 200 ps 
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AT28C64/X 


Ordering Information 


sc 
Ordering Code Package Operation Range 
AT28C64X-15DM/883 Military/883C 
AT28C64X-25SI 


siee ee 
AT28C64X-15FM/883 Class B, Fully Compliant 
AT28C64X-25DM/883 Military/883C 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


AT28C64X-15FC 

AT28C64X-15JC 
150 45 0.1 

AT28C64X-15LM/883 (-55°C to 125°C) 
200 30 0.1 AT28C64X-20DC Commercial 
AT28C64X-20FC (0°C to 70°C) 
AT28C64X-20JC 
AT28C64X-20PC 
AT28C64X-20SC 


AT28C64X-15PC 

200 45 0.1 AT28C64X-20DI Industrial 
AT28C64X-20FI (-40°C to 85°C) 
AT28C64X-20JI 
AT28C64X-20PI 
AT28C64X-20SI| 
AT28C64X-20DM/883 Military/883C 
AT28C64X-20FM/883 Class B, Fully Compliant 


AT28C64X-15SC 
AT28C64X-15DI 
AT28C64X-20LM/883 (-55°C to 125°C) 
250 30 0.1 AT28C64X-25DC Commercial 
AT28C64X-25FC (0°C to 70°C) 
AT28C64X-25JC 
AT28C64X-25PC 
AT28C64X-25SC 


AT28C64X-15F I 
250 AT28C64X-25DI Industrial 


AT28C64X-15Jl 
AT28C64X-15PI 
AT28C64X-15SI 
AT28C64X-25F | (-40°C to 85°C) 
AT28C64X-25Jl 
AT28C64X-25PI 


AT28C64X-25FM/883 Class B, Fully Compliant 
AT28C64X-25LM/883 (-55°C to 125°C) 
300 45 0.1 AT28C64X-30DM/883 28D6 Military/883C 
AT28C64X-30FM/883 28F Class B, Fully Compliant 
AT28C64X-30LM/883 32L (-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


- 


0.1 AT28C64X-35DM/883 28D6 
AT28C64X-35FM/883 28F 
AT28C64X-35LM/883 32L 
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Ordering Information 


tAcc Icc (mA) ; 
Ordering Code Package Operation Range 
150 45 0.1 5962-87514 22 XX 28D6 
5962-87514 22 YX 32L 
45 0.1 5962-87514 21 XX 28D6 
5962-87514 21 YX 32L 
250 45 0.1 5962-87514 20 XX 28D6 
5962-87514 20 YX 32L 
5962-87514 20 ZX 28F 
300 45 0.1 5962-87514 19 XX 28D6 
5962-87514 19 YX 32L 
350 45 0.1 28D6 
32L 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 

(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


5962-87514 18 XX 
5962-87514 18 YX 


Package Type 


32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28 Lead, 0.600" Wide Plastic Dual Inline Package (PDIP) 
28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
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Features 


e Fast Read Access Time - 55 ns 
e Automatic Page Write Operation 
internal Address and Data Latches for 32 Bytes 
internal Control Timer 
e Fast Write Cycle Times 
Maximum Page Write Cycle Time: 2 ms 
1 to 32 Byte Page Write Operation 
e Low Power Dissipation 
80 mA Active Current 
100 nA CMOS Standby Current (28HC64L) 
e Direct Microprocessor Control 
DATA Polling 
e High Reliability CMOS Technology 
Endurance: 10° or 10° Cycles 
Data Retention: 10 years 
Single 5 V+ 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
JEDEC Approved Byte-Wide Pinout 
Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT28HC64/L is a high-speed, low-power Electrically Erasable and Programmable Read 
Only Memory. Its 64K of memory is organized as 8,192 words by 8 bits. Manufactured with 
Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 55 ns with 
power dissipation of just 440mW. When the device is deselected the standby current is less 
than 100 LA. 


The AT28HC64/L is accessed like a Static RAM for the read or write cycles without the need 
for external components. The device contains a 32-byte page register to allow writing of up to 
32 bytes simultaneously. During a write cycle, the addresses and 1 to 32 bytes of data are 

(continued on next page) 


Pin Configurations TSOP Top View 


A1i0 — 
VO7 ve 

/ 
VOS on 
103 /O4 

GND 
VvO2 

VO1 
ete) 

AO 


A2 


. . 


Pin Name Function 


Chip Enable 
Output Enable 


A7 NC VCC NC 
A12 NC WE 


Write Enable 
Data Inputs/Outputs 


14151617181920 
VO's 12 NC345 
GND 


Note: PLCC package pins 1 and 
17 are DON’T CONNECT. 


ATMEL 


64K (8K x 8) 
High Speed 
CMOS 
E*PROM 
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Description (Continued) 


internally latched, freeing the address and data bus for other op- 
erations. Following the initiation of a write cycle, the device 
will automatically write the latched data using an internal con- 


trol timer. The end of a write cycle can be detected by DATA 


polling of 1/07. Once the end of a write cycle has been detected 
a new access for a read or write can begin. 


Block Diagram 


¥oG. 
GND —» 


OE 
WE 
CE 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 


with Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on OE and AQ 
with Respect to Ground 


-0.6 V to +13.5 V 
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Y DECODER 


== 
ag 
X DECODER 


Atmel’s 28HC64/L has additional features to ensure high qual- 
ity and manufacturability. The device utilizes internal error cor- 
rection for extended endurance and improved data retention 
characteristics. The AT28HC64/L also includes an extra 32 
bytes of EPROM for device identification or tracking. 


DATA INPUTS/OUTPUTS 
1/00 - /O7 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


Y-GATING 
CELL MATRIX 
IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ATZOH C64 _ caseen onsen EES. 


EERE eC ENE 2 OTIC64/L 


Device Operation 


READ: The AT28HC64 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28HC64 al- 
lows one to thirty-two bytes of data to be written into the device 
during a single internal programming period. A page write op- 
eration is initiated in the same manner as a byte write; the first 
byte written can then be followed by one to thirty-one additional 
bytes. Each successive byte must be written within 150 us 
(tgLc) of the previous byte. If the taLc limit is exceeded the 
AT28HC64 will cease accepting data and commence the inter- 
nal programming operation. All bytes during a page write oper- 
ation must reside on the same page as defined by the state of the 
AS5-A12 inputs. For each WE high to low transition during the 
page write operation, AS - Al2 must be the same. 


The AO to A4 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 


DATA POLLING: The AT28HC64 features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement of the written data to be presented on I/O7. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
4 : pF VIN =0V 
8 12 pF Vout = 0 V 


ATMEL 


TOGGLE BIT: In addition to DATA Polling the AT28HC64 
provides another method for determining the end of a write 
cycle. During the write operation, successive attempts to read 
data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, I/O6 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: If precautions are not taken, inadvertent 
writes to the AT28HC64 may occur during transitions of the 
host system power supply. Atmel has incorporated the follow- 
ing features that will protect the memory against inadvertent 
writes. 


HARDWARE PROTECTION: Hardware features protect 
against inadvertent writes to the AT28HC64 in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (6) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit - holding any one 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


CHIP CLEAR: The contents of the entire memory of the 
AT28HC64 may be set to the high state (erased) by the use of 
the CHIP CLEAR operation. By setting CE low and OE to 12 
volts, the chip is cleared when a 10ms low pulse is applied to the 
WE pin. 

DEVICE IDENTIFICATION: An extra 32 bytes of E’PROM 
memory are available to the user for device identification. By 
raising A9 to 12 V + 0.5 V and using address locations 1FEOH 
to 1FFFH the additional bytes may be written to or read from in 
the same manner as the regular memory array. 
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D.C. and A.C. Operating Range 


AT28HC64-55 AT28HC64L-70 AT28HC64-70 AT28HC64/L-90 AT28HC64/L-12 
1) 1@] re] ce) @} ie) 1) re) oO ie} 
Operating o°C «70°C 0° - 70°C rc-70°C OrO-~70°C 0°C:- 70°C 
ae Ind. -40°C - 85°C -40°C - 85°C -40°C.- 85°C -40°C - 85°C -40°C - 85°C 
ase 
( -55°C- 125°C -55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+10% 5V+10% 5V+10% 5V+10% BV+t10% 


Operating Modes 


Standby/Write Inhibit 
Write Inhibit 


Chip Erase 


Notes: 1. X canbe Vy or Vin. 2 =. =12.0V+0.5 V. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


Symbol Parameter Condition 
Vin =0 Vto Voc + 1V 
Vvo=0Vto Vcc 


CE =Voc-0.3VtoVec+1V  _Com., Ind. 
Vcc Standby Current CMOS AT2BHC64L a 


AT28HC64L 
IsB2 Vcc Standby Current TTL CE=2.0VtoVcc+1V 
AT28HC64 


Vcc Active Current f = 10 MHz; louT=O mA 
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AT28HC64/L 


A.C. Read Characteristics “” 


AT28HC64 | AT28HC64/L | AT28HC64/L | AT28HC64L 
Few a rs cara 


Symbol | Parameter 


ice _, Wadede Oxia Dole 
tce ® _|CE to Output Delay ae 


OE to Output Delay 


ee 0 30 | 0 
tor @® [OE w OuputFat | 00 | 0 5 | 0 wo | 0 =o | ww 


ton Output Hold from OE, CE or 
Address, whichever occurred first 


A.C. Read Waveforms 


ADDRESS q ADDRESS VALID 


VW 
TX vaio PY 
Notes: 
1. CL=30 pF. 4. tpg is specified from OE or CE whichever occurs first 
2. CE may be delayed up to tacc - tcg after the address transition (CL=5 pF). 
without impact on tacc. 5. This parameter is characterized and is not 100% tested. 


a OE may be delayed up to tcg - tog after the falling edge 
of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5.0V 
330 
~ ae oe OUTPUT 
PIN 
DRIVING 1.5V MEASUREMENT 300F 
LEVELS LEVEL 200 tT p 
0.0V 

tr, tk< Sns 
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A.C. Write Characteristics 
Symbol Parameter Min Typ Max Units 


i - 0 ns 
0 ns 


Write Pulse Width (WE or CE) 1000 


100 ns 


A.C. Write Waveforms- WE Controlled 


OE 
tOEH 
ADDRESS >| 


_ tAS 
CE tCH 
_ Rest SS 
WE 
tWP 
tDV tDS tDH 
DATA IN 
go 


= 
Oo 


A.C. Write Waveforms- CE Controlled 


OE 
tOEH 
ADDRESS | CO 


tAS 
WE tCH 
_ tCS q 
CE 
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AT28HC64/L 


Page Mode Write Characteristics 


Parameter 
Write Cycle Time 


Address Set-up Time 
Address Hold Time 
Data Set-up Time 


tDH Data Hold Time 


Write Pulse Width 


Byte Load Cycle Time 


Page Load Width 
Write Pulse Width High 


BYTE 0 BYTE 1 BYTE 2 


BYTE 3 BYTE 30 BYTE 31 
tPLW 
twC 


Notes: AS through A12 must specify the same page address during each 
high to low transition of WE (or CE). _ 
OE must be high only when WE and CE are both low. 


Chip Erase Waveforms 


ts = ty = 1 psec (min.) VIL 
tw = 10 msec (min.) 


Vi= 12.0 V+ 05V {W 
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Data Polling Characteristics’ 


a a 
htop OE to Output Delay 


Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


2-110 me a ee aa mea een 


CRO macnn DB | COACG4E/L 


NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs. 

7 TEMPERATURE 7 SUPPLY VOLTAGE 
nN! Nt 
- : 27 
my a 1.2 
' 14 | 
| 40 
@ 1.0 3 
d d 

0.8 
| 09 
Cc G 
C og C 06 
-55 25 5 35 65 95 125 4.50 4.75 5.00 5.25 5.50 
Temperature (C) Supply Voltage (V) 
NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 

N 
| 
d 


Frequency (MHz) 
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Ordering Information 


! 
fash oo mney) Ordering Code Package Operation Range 


AT28HC64(E)-55DC 28D6 Commercial 
AT28HC64(E)-55JC 32J (0°C to 70°C) 
AT28HC64(E)-55PC 28P6 
AT28HC64(E)-55DI 28D6 Industrial 
AT28HC64(E)-55ul 32J (-40°C to 85°C) 
AT28HC64(E)-55PI 28P6 

70 AT28HC64(E)-70DC 28D6 Commercial 
AT28HC64(E)-70JC 32J 
AT28HC64(E)-70PC 28P6 
AT28HC64(E)-70DI 28D6 
AT28HC64(E)-70uI 32J 
AT28HC64(E)-70PI 28P6 
AT28HC64(E)-70DM/883 
AT28HC64(E)-70LM/883 


(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


AT28HC64(E)-90DC Commercial 
AT28HC64(E)-90JC (0°C to 70°C) 
AT28HC64(E)-90PC 

AT28HC64(E)-90TC 

AT28HC64(E)-90DI Industrial 
AT28HC64(E)-90uI (-40°C to 85°C) 
AT28HC64(E)-90PI 

AT28HC64(E)-90TI 

AT28HC64(E)-90DM/883 Military/883C 
AT28HC64(E)-90LM/883 Class B, Fully Compliant 


(-55°C to 125°C) 


Commercial 
(0°C to 70°C) 


AT28HC64(E)-12DC 
AT28HC64(E)-12JNC 
AT28HC64(E)-12PC 


AT28HC64(E)-12DI Industrial 
AT28HC64(E)-12uJl (-40°C to 85°C) 
AT28HC64(E)-12PI 


AT28HC64(E)-12DM/883 Military/883C 
AT28HC64(E)-12LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 
28D6 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
28 Lead, Plastic Thin Small Outline Package (TSOP) 


Standard Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


PE High Endurance Option: Endurance = 100K Write Cycles 
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AT28HC64/L 


Ordering Information 


Icc (mA) ; 
Ordering Code Package Operation Range 


AT28HC64L(E)-70DC Commercial 
AT28HC64L(E)-70JC (0°C to 70°C) 
AT28HC64L(E)-70PC 


AT28HC64L(E)-70DI Industrial 
AT28HC64L(E)-70JI (-40°C to 85°C) 
AT28HC64L(E)-70PI 


AT28HC64L(E)-90DC Commercial 
AT28HC64L(E)-90JC (0°C to 70°C) 
AT28HC64L(E)-90PC 


E 
AT28HC64L(E)-90DI Industrial 
AT28HC64L(E)-90JI (-40°C to 85°C) 
AT28HC64L(E)-90PI 

E 

E 


AT28HC64L(E)-90DM/883 Military/883C 
AT28HC64L(E)-90LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 


AT28HC64L(E)-12DC Commercial 
AT28HC64L(E)-12JC (0°C to 70°C) 
AT28HC64L(E)-12PC 

AT28HC64L-W 


AT28HC64L(E)-12DI Industrial 
AT28HC64L(E)-12JI (-40°C to 85°C) 
AT28HC64L(E)-12PI 


AT28HC64L 


E) 
E) 

AT28HC64L(E)-12DM/883 Military/883C 
E) 


-12LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 


5962-87514 12 XX Military/883C 
5962-87514 12 YX Class B, Fully Compliant 
(-55°C to 125°C) 


5962-87514 11 XX Military/883C 
5962-87514 11 YX Class B, Fully Compliant 
(-55°C to 125°C) 


5962-87514 10 XX Military/883C 
5962-87514 10 YX Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 
28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


Standard Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


High Endurance Option: Endurance = 100K Write Cycles 
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Features 


e 2.7 V to 3.6 V Supply 
Full Read and Write Operation 
e Low Power Dissipation 
8 mA Active Current 
50 nA CMOS Standby Current 
e Read Access Time - 200 ns 
e Byte Write -3ms 
e Direct Microprocessor Control 
DATA Polling 
READY/BUSY Open Drain Output 
e High Reliability CMOS Technology 
Endurance: 100,000 Cycles 
Data Retention: 10 years 
e Low Voltage CMOS Compatible Inputs and Outputs 
e JEDEC Approved Byte-Wide Pinout 
e Commercial and Industrial Temperature Ranges 


Description 


The AT28LV64 is a low-voltage, low-power Electrically Erasable and Programmable Re 
Only Memory. Its 64K of memory is organized 8,192 words by 8 bits. Manuf: 


less than 50 LA. 


The AT28LV64 is accessed like a Static RAM for the read or write 
for external components. During a byte write, the address and da 
freeing the microprocessor address and data bus for other operati 
of a write cycle, the device will go to a busy state and automatt 
data using an internal control timer. The device includes 
a write cycle, level detection of RDY/BUSY and DATA p 


manufacturability. The 
for improved data reten- 


tion characteristics. An extra 32 byte 
tracking. 


Pin Configurations TSOP Top View 


Data Inputs/ 


Sev | Ready/Busy 
RDY/BUSY Output 
* = RDY/BUSY 
Note: PLCC package pins 1 


and 17 are DON’T CONNECT. 


14151617181920 
VO's 12 NC345 
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Block Diagram 


VCC ——+ 
GND ——+* 


OE 
WE 
CE 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 
-0.6 V to +6.25 V 


with Respect to Ground 


All Output Voltages 
with Respect to Ground 


Voltage on OE and AQ 
with Respect to Ground 


-0.6 V to Vcc +0.6 V 


-0.6 V to +13.5 V 


Device Operation 


READ: The AT28LV64 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in a high impedance state whenever 
CE or OE is high. This dual line control gives designers in- 
creased flexibility in preventing bus contention. 


BYTE WRITE: Writing data into the AT28LV64 is similar to 
writing into a Static RAM. A low pulse on the WE or CE input 
with OE high and CE or WE low (respectively) initiates a byte 
write. The address location is latched on the falling edge of WE 
(or CE); the new data is latched on the rising edge. Internally, 
the device performs a self-clear before write. Once a byte write 
has been started, it will automatically time itself to completion. 


READY/BUSY: Pin 1 is an open drain READY/BUSY out- 
put that can be used to detect the end of a write cycle. 
RDY/BUSY is actively pulled low during the write cycle and is 
released at the completion of the write. The open drain connec- 
tion allows for OR-tying of several devices to the same 
RDY/BUSY line. 
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Y DECODER 


X DECODER 


DATA INPUTS/OUTPUTS 
O00 - /O7 


IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DATA POLLING: The AT28LV64 provides DATA POLL- 
ING to signal the completion of a write cycle. During a write 
cycle, an attempted read of the data being written results in the 
complement of that data for I/O7 (the other outputs are indeter- 
minate). When the write cycle is finished, true data appears on 
all outputs. 


WRITE PROTECTION: Inadvertent writes to the device are 
protected against in the following ways. (a) Vcc sense— if Vcc 
is below 1.8 V (typical) the write function is inhibited. (b) Vcc 
power on delay— once Vcc has reached 2.0 V the device will 
automatically time out 10 ms (typical) before allowing a byte 
write. (c) Write Inhibit— holding any one of OE low, CE high 
or WE high inhibits byte write cycles. 

DEVICE IDENTIFICATION: An extra 32 bytes of E7PROM 
memory are available to the user for device identification. By 
raising A9 to 12 + 0.5 V and using address locations 1FEOH to 
1FFFH the additional bytes may be written to or read from in the 
same manner as the regular memory array. 


D.C. and A.C. Operating Range 

AT28LV64-20 AT28LV64-30 
Operating Com. 0°C - 70°C 0°C - 70°C 
Temperature (Case) ind, -40°C - 85°C -40°C - 85°C 


3.0Vto3.6V 2.7Vto3.6V 


Vcc Power Supply 


Operating Modes 
Standby/Write Inhibit VIH x") X High Z 
| Writeinbibt XX 
Output Disable X VIH X High Z 
Notes: 1. X can be Vy, or Vu. 2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


Symbol Parameter Condition Min Max Units 


Input Load Current Vin=0 Vto Vcc + 1.0 V pA 
Output Leakage Current Vivo = 0 V to Vcc LA 
LA 


5 
5 
Vcc Standby Current CMOS CE=Vcc-03VtoVcc+1.0V 50 
8 


f = 5 MHz; lout=0 mA 


Vcc Active Current A.C. CE = Vit 


Input Low Voltage 


VIH Input High Voltage 

loL=1mA 

lo. = 2 mA for RDY/BUSY 
VOH Output High Voltage IOH = -100 LA 


VOL Output Low Voltage 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


Typ Max Units Conditions 
4 6 pF Vin =0V 
8 12 pF Vout = 0 V 


Note: 1. This parameter is characterized and is not 100% tested. 
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A.C. Read Characteristics 


Output Hold from OE, CE or Address, 
whichever occurred first 


A.C. Read Waveforms 


AT28LV64-20 AT28LV64-30 


taco |Addressto Output Delay | 200 | 800s 
toe [CEtoOutputDelay | 00 | 800s 
0 150 | ns 
ns | 


ADDRESS <[___ ADDRESS VALID. > 
CE 
OE 
{DF 
tACC 
OUTPUT ches aw OUTPUT 
X_ \ VAUD 


Notes: 

1. CE may be delayed up to tacc - tcg after the address transition 
without impact on tacc. 

2. OE may be delayed up to tcg - tog after the falling edge 
of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and 
Measurement Level 


Veco -0.3 V 


AC AC 
DRIVING 0.5 x Vec MEASUREMENT 
LEVELS LEVEL 
0.0 V 
tr, te< 20 ns 


2-118 AT28LV64 


3. tpF is specified from OE or CE whichever occurs first 
(CL = 5 pF). 


4. This parameter is characterized and is not 100% tested. 


Output Test Load 


Vcc 


1.8K 
OUTPUT 


PIN 
1.3K T 


100pF 


AT28LV64 


A.C. Write Characteristics 


Symbol Parameter 


Address, OE Set-up Time 


Address Hold Time 


Write Pulse Width (WE or CE) 
Data Set-up Time 


Data, OE Hold Time 


Time to Device Busy 


Write Cycle Time 


OE 
tOEH 
ADDRESS > a a 


WE 
DATA IN eau 
Rese soneee al 
RDY/BUSY tDB 
tWC 
A.C. Write Waveforms- CE Controlled 
OE 
tOEH 


ADDRESS > | KT CD 
- - a na 


RDY/BUSY 
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Data Polling Characteristics'” 


Symbol Parameter 


/ tpH «| Data Hold Time 


OE Hold Time 


f toe OE to Output Delay 


twR Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE as a are 
CE an oe 

OE ~~ fF 
07 - ani 
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Ordering Information 


tacc Operating . 

(ns) Voltage Ordering Code Package Operation Range 

200 0.05 | 30Vto3.6V AT28LV64-20JC 
AT28LV64-20PC 
AT28LV64-20SC 
AT28LV64-20TC 


3.0Vto3.6V AT28LV64-20Jl 
AT28LV64-20PI 
AT28LV64-20SI 
AT28LV64-20T| 


0.05 | 2.7Vto3.6V AT28LV64-30JC 
AT28LV64-30PC 
AT28LV64-30SC 
AT28LV64-30TC 


ay 
300 2.7Vto3.6V AT28LV64-30JI 
AT28LV64-30PI 

AT28LV64-30SI 

AT28LV64-30T| 


AT28LV64 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Package Type 
| 325 | 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


| 285 | 28 Lead, 0.300" Wide, Plastic Gull Wing, Small Outline (SOIC) 


32u 

28 Lead, Plastic Thin Small Outline Package (TSOP) 

AIMEL 2-121 
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Features 


Fast Read Access Time - 150 ns 
e Automatic Page Write Operation 
internal Address and Data Latches for 64 Bytes 
e Fast Write Cycle Times 
Page Write Cycle Time: 2 ms maximum 
1 to 64 Byte Page Write Operation 
e Low Power Dissipation 
60 mA Active Current 
100 pA CMOS Standby Current 
e Hardware and Software Data Protection 
e DATA Polling and Toggle Bit for End of Write Detection 
High Reliability CMOS Technology 
Endurance: 100,000 Cycles 
Data Retention: 10 years 
Single 5 V+ 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
JEDEC Approved Byte-Wide Pinout 
Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT28C64B is a high-performance Electrically Erasable and Programmable Read Only 
Memory. Its 64K of memory is organized as 8,192 words by 8 bits. Manufactured with 
Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 150 ns 
with power dissipation of just 440 mW. When the device is deselected, the CMOS standby 
current is less than 100 LWA. 

The AT28C64B is accessed like a Static RAM for the read or write cycle without the need for 
external components. The device contains a 64-byte page register to allow writing of up to 64 
bytes simultaneously. During a write cycle, the addresses and 1 to 64 bytes of data are inter- 


(continued on next page) 


Pin Configurations TSOP Top View 


Pin Name Function 


AQ - At2 
Chip Enable 
Output Enable 


Ai2 NC WE 


OMNO NT FWNH— 


WE Write Enable 


1/00 - O07 Data Inputs/Outputs 


5 
6 
7 
8 
9 
10 
11 
12 
1 


3 2 

14151617181920 

O's 12 NC345 
GND 


Note: PLCC package pins 1 and 
17 are DON’T CONNECT. 


ATMEL 


64K (8K x 8) 
CMOS 
E*PROM with 
Software Data 
Protection 
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Description (Continued) 


nally latched, freeing the address and data bus for other opera- 
tions. Following the initiation of a write cycle, the device will 
automatically write the latched data using an internal control 
timer. The end of a write cycle can be detected by DATA poll- 
ing of I/O7. Once the end of a write cycle has been detected a 
new access for a read or write can begin. 


Block Diagram 


VCC ——+» 
+ GND ——> 


OE 
WE 
CE 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 


with Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 


-0.6 V to +13.5 V 
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Y DECODER 


X DECODER 


Atmel’s 28C64B has additional features to ensure high quality 
and manufacturability. The device utilizes internal error correc- 
tion for extended endurance and improved data retention char- 
acteristics. An optional software data protection mechanism is 
available to guard against inadvertent writes. The device also 
includes an extra 64 bytes of EPROM for device identification 
or tracking. 


DATA INPUTS/OUTPUTS 
/00 - /O7 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Device Operation 


READ: The AT28C64B is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high-impedance state when 
either CE or OE is high. This dual line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28C64B al- 
lows one to 64 bytes of data to be written into the device during 
a single internal programming period. A page write operation is 
initiated in the same manner as a byte write; after the first byte 
is written, it can then be followed by one to 63 additional bytes. 
Each successive byte must be loaded within 150 ps (tgLc) of the 
previous byte. If the tpic limit is exceeded the AT28C64B will 
cease accepting data and commence the internal programming 
operation. All bytes during a page write operation must reside 
on the same page as defined by the state of the A6-A12 inputs. 
For each WE high to low transition during the page write oper- 
ation, A6 - Al2 must be the same. 


The AO to AS inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 


DATA POLLING: The AT28C64B features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement of the written data to be presented on I/O7. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


TOGGLE BIT: In addition to DATA Polling the AT28C64B 
provides another method for determining the end of a write 
cycle. During the write operation, successive attempts to read 
data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, 1/06 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: If precautions are not taken, inadvertent 
writes may occur during transitions of the host system power 


Pin Capacitance (f= 1 MHz, T= 25°C)” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
4 6 pF VIN =0V 
8 12 pF Vout = 0V 


ATMEL 


supply. Atmel has incorporated both hardware and software fea- 
tures that will protect the memory against inadvertent writes. 


HARDWARE PROTECTION: Hardware features protect 
against inadvertent writes to the AT28C64B in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (b) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically time out 5 ms (typ- 
ical) before allowing a write; (c) write inhibit - holding any one 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFTWARE DATA PROTECTION: A software controlled 
data protection feature has been implemented on_ the 
AT28C64B. When enabled, the software data protection (SDP), 
will prevent inadvertent writes. The SDP feature may be en- 
abled or disabled by the user; the AT28C64B is shipped from 
Atmel with SDP disabled. 


SDP is enabled by the user issuing a series of three write com- 
mands; three specific bytes of data are written to three specific 
addresses (refer to Software Data Protection Algorithm). After 
writing the three-byte command sequence and twc the entire 
AT28C64B will be protected against inadvertent writes. It 
should be noted that once protected the user may still perform 
a byte or page write to the AT28C64B. This is done by preced- 
ing the data to be written by the same three-byte command se- 
quence used to enable SDP. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions do not disable SDP and 
SDP will protect the AT28C64B during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. The data in the enable and dis- 
able command sequences is not actually written into the device; 
their addresses may still be written with user data in either a byte 
or page write operation. 

After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, read operations will effectively be polling opera- 
tions. 

DEVICE IDENTIFICATION: An extra 64 bytes of E’PROM 
memory are available to the user for device identification. By 
raising A9 to 12 V +0.5 V and using address locations 1FCOH 
to 1FFFH the additional bytes may be written to or read from in 
the same manner as the regular memory array. 
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D.C. and A.C. Operating Range 


_AT28C64B-15 AT28C64B-20 AT28C64B-25 
. o°C - 70°C oc =< 70°C OC-70C 
P 
-55°C - 125°C -55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+10% 5V+10% 5V+10% 


Operating Modes 


Mode CE 
Read VIL 
Write'@) VIL 


Standby/Write Inhibit ViH xt) X High Z 
Write Inhibit X X VIH 


Write Inhibit X VIL 
Output Disable Xx 


Chip Erase VIL 


Notes: 1. X can be Viz or Vin. 3. Vo = 12.0 V0.5 V. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 
Symbol Parameter Condition 


Input Load Current Vin=0Vto Vcc +1V 


Output Leakage Current Vvo = 0 V to Vcc 


LO 
me Com., Ind. 
IsB1 Vcc Standby CurrentCMOS CE=Vcc-0.3Vto Vcc +1V vi 
il 


Vec Standby Current TTL  CE=2.0Vto Voc +1V 
Icc Vcc Active Current f = 5 MHz; lout = 0 mA 


Input High Voltage 
Output Low Voltage lo. = 2.1 MA 
Output High Voltage IOH = -400 LA 
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A.C. Read Characteristics 


Address to Output Delay 


150 


Output Hold from OE, CE 
or Address, whichever 
occurred first 


A.C. Read Waveforms 


ADDRESS 


OUTPUT 


Notes: 

1. CE may be delayed up to tacc - tcx after the address transition 
without impact on tacc. 

2. OE may be delayed up to tc - tog after the falling edge 
of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and 
Measurement Level 


3.0V 
AC AC 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL 
0.0V 
tR, tr < Sns 


AT28C64B-15 AT28C64B-20 AT28C64B- 
Symbol | Parameter p Min Mex | Min Max 


toe | OE to Output Delay 
CE or OE to Output Float 
OH 


toe |CEto Output Delay | 150 | 200 | 8 


AT28C64B 


25 
200 250 


A B 


q DDRESS VALID 


OE 


3. tpg is specified from OE or CE whichever occurs first 
(Cy, =35 pF). 


4. This parameter is characterized and is not 100% tested. 


Output Test Load 


5.0V 
1.8 
OUTPUT 
PIN 
100pF 


1.3K T 
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A.C. Write Characteristics 
Symbol Parameter Min Max Units 


“up Ti 50 ns 
, OE 0 ns 
i 2 ms 


Data Set-up Time 
Data, OE Hold Time 
Write Cycle Time AT28C256 


Note: 1. NR=No Restiction 


A.C. Write Waveforms- WE Controlled 


OE 

tOEH 
ADDRESS> | OK 
7 iAS 
CE tCH 
_ ics j 
WE 
DATA IN 

<< > 
twC 


A.C. Write Waveforms- CE Controlled 
OE 


| 
5 
m 
x 


ADDRESS 


> 
n 


| = 
m 
fe) 
oO 
[ 
) 
+ 


: ry - 


tWC 
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Page Mode Characteristics 


Symbol Parameter Min Max Units 
Write Cycle Time AT28C256 2 ms 
Address Set-up Time 0 ns 
Address Hold Time 50 ns 
pte I us 

i ns 


5 
0 
tBLC Byte Load Cycle Time 150 
Write Pulse Width High 50 


Page Mode Write Waveforms 


Notes: A6 through A12 must specify the same page address during each 
high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 


Chip Erase Waveforms 


Vi 
CE 
VH 
OE 
VIH 
VIH 
. WE 
t§S=tH= 5 psec (min.) VIL 
tw = 10 msec (min.) tW 


Vu = 12.0 V+0.5 V 
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Software Data P 
Protection Enable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 1555 


LOAD DATA 55 
TO 
ADDRESS OAAA 


LOAD DATA AO 
TO 


ADDRESS 1555 (2) 


WRITES ENABLED 
LOAD DATA XX 
TO (4) 
ANY ADDRESS 
LOAD LAST BYTE 
TO 
LAST ADDRESS ENTER DATA 
PROTECT STATE 


Notes for software program code: 

1. Data Format: I/O7 - 1/O0 (Hex); 
Address Format: A12 - AO (Hex). 

2. Write Protect state will be activated at end of write even if no 
other data is loaded. 

3. Write Protect state will be deactivated at end of write period 
even if no other data is loaded. 

4. 1 to 64 bytes of data are loaded. 


Software Protected Write Cycle Waveforms 


OE 


a tWR tWPH 
WE a 
tAS 
ss yan {DH 
A0-A5 r KK K | ) BYTE ADDRESS 
OAAA 1555 
AeA12 KKK |X pa anne 
tDS 
DATA a Gr ar 


Software Data * 
Protection Disable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 1555 


LOAD DATA 55 
TO 
ADDRESS OAAA 


LOAD DATA 80 
TO 
ADDRESS 1555 


LOAD DATA AA 
TO 
ADDRESS 1555 


LOAD DATA 55 
TO 
ADDRESS OAAA 


LOAD DATA 20 
TO 
ADDRESS 1555 EXIT DATA 


PROTECT STATE 


(3) 


LOAD DATA XX 
ANY ADDRESS 


LOAD LAST BYTE 
TO 
LAST ADDRESS 


BYTE 62 


BYTE 63 


Notes: A6 through A12 must specify the same page address during each high to low 


transition of WE (or CE) after the software code has been entered. 
OE must be high only when WE and CE are both low. 


2-130 AT28C64B 


AT28C64B 


Data Polling Characteristics” 


Symbol Parameter 


Data Hold Time 


OE Hold Time 


OE to Output Delay 
twR Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE — 
CE ~~ 

oe VV 
\/O7 - — si 


Parameter 
Data Hold Time 


OE Hold Time 

OE to Output Delay 
OE High Pulse 

Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Toggle Bit Waveforms 
WE 


CE “ \ Ff N\ 
O 
— ro) t0EH 


tDH tOE 


1/06 tWR 
Notes: 


1. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of I/O6 will vary. 
3. Any address location may be used but the address should not vary. 
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NORMALIZED SUPPLY CURRENT vs. 


; TEMPERATURE 
gp fe 

ce] 

ro 42 

m 

a 

loa 

Z 

e 1.0 

d 

| 09 

ie 

C 08 

-55 -25 5 35 65 95 125 


Temperature (C) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


Qean-—-M Rar o2Z 


a0 — 


Frequency (MHz) 
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NORMALIZED SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


4.50 4.75 5.00 5.25 5.50 
Supply Voltage (V) 
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Ordering Code Operation Range 


AT28C64B-15DC 
AT28C64B-15JC 
AT28C64B-15PC 
AT28C64B-15SC 
AT28C64B-15TC 


AT28C64B-15DI 
AT28C64B-15JI 
AT28C64B-15PI 
AT28C64B-15SI 
AT28C64B-15T!I 


AT28C64B-15DM/883 
AT28C64B-15UM/883 


Ordering Information 
taco 
ini 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military/883C 

Class B, Fully Compliant 

(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


AT28C64B-20DC 
AT28C64B-20JC 
AT28C64B-20PC 
AT28C64B-20SC 
AT28C64B-20TC 


AT28C64B-20DI 
AT28C64B-20JI 
AT28C64B-20PI 
AT28C64B-20SI 
AT28C64B-20TI 


AT28C64B-20DM/883 
AT28C64B-20UM/883 


Industrial 
(-40°C to 85°C) 


Military/883C 

Class B, Fully Compliant 

(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


AT28C64B-25DC 
AT28C64B-25JC 
AT28C64B-25PC 
AT28C64B-25SC 
AT28C64B-25TC 


AT28C64B-25DI 
AT28C64B-25J 
AT28C64B-25PI 
AT28C64B-25SI 
AT28C64B-25T| 


AT28C64B-25DM/883 Military/883C 
AT28C64B-25UM/883 Class B, Fuily Compliant 
(-55°C to 125°C) 


Industrial 
(-40°C to 85°C) 


Package Type 
28 Lead, 0.600" Wide, Non-Windowed Ceramic Dual Inline Package (Cerdip) 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 

28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
28 Lead, Plastic Thin Small Outline Package (TSOP) 

28 Pin, Ceramic Pin Grid Array (PGA) 
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Features 


e Fast Read Access Time - 150 ns 
e Automatic Page Write Operation 
internal Address and Data Latches for 32 Bytes 
Internal Control Timer 
e Fast Write Cycle Times 
Maximum Page Write Cycle Time: 2 ms 
1 to 32 Byte Page Write Operation 
e Low Power Dissipation 
80 mA Active Current 
100 pA CMOS Standby Current 
e Direct Microprocessor Control 
DATA Polling 
e High Reliability CMOS Technology 
Endurance: 10° or 10° Cycles 
Data Retention: 10 years 
Single 5 V+ 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
JEDEC Approved Byte-Wide Pinout 
Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT28PC64 is a high-speed, low-power Electrically Erasable and Programmable Read 
Only Memory. Its 64K of memory is organized as 8,192 words by 8 bits. Manufactured with 
Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 150 ns 
with power dissipation of just 440 mW. When the device is deselected the standby current is 
less than 100 WA. 


The AT28PC64 is accessed like a Static RAM for the read or write cycles without the need 
for external components. The device contains a 32-byte page register to allow writing of up to 
32 bytes simultaneously. During a write cycle, the addresses and 1 to 32 bytes of data are 


(continued on next page) 


Pin Configurations TSOP Top View 


Aio — 
VO7 

VO5 

VO3 

VvO2 

YOO 

Al 


A7 NC VCC NC 
ae, NC WE 


< 
1?) 
i?) 


AO - At2 


3 al 


1 
2 
3 
4 A8 
5 AQ 
CE _| Chip Enable “e 
| OE _| Output Enable Ro 
WE : 9 CE 
Write Enable 107 
00-07 | Data Inputs/Outputs Hot 3 21 
VvO4 14151617181920 
Os «we TB NOS AS 
GND 


Note: PLCC package pins 1 and 
17 are DON’T CONNECT. 


ATMEL 


64K (8K x 8) 
Paged 
CMOS 
E°PROM 
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Description (Continued) 


internally latched, freeing the address and data bus for other op- 
erations. Following the initiation of a write cycle, the device 
will automatically write the latched data using an internal con- 
trol timer. The end of a write cycle can be detected by DATA 
polling of 1/07. Once the end of a write cycle has been detected 
a new access for a read or write can begin. 


Block Diagram 


VCC ——» 
GND ——> 


OE 
WE 
CE 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 


Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 


Voltage on OE and AQ 
with Respect to Ground 


-0.6 V to Voc +0.6 V 


-0.6 V to +13.5 V 
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Y DECODER 


X DECODER 


Atmel’s 28PC64 has additional features to ensure high quality 
and manufacturability. The device utilizes internal error correc- 
tion for extended endurance and improved data retention char- 
acteristics. The AT28PC64 also includes an extra 32 bytes of 
EPROM for device identification or tracking. 


DATA INPUTS/OUTPUTS 
1/00 - VO7 


DATA LATCH 
INPUT/OUTPUT 
BUFFERS 
Y-GATING 
CELL MATRIX 
IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Device Operation 


READ: The AT28PC64 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28PC64 al- 
lows one to thirty-two bytes of data to be written into the device 
during a single internal programming period. A page write op- 
eration is initiated in the same manner as a byte write; the first 
byte written can then be followed by one to thirty-one additional 
bytes. Each successive byte must be written within 150 us 
(tgLc) of the previous byte. If the taLc limit is exceeded the 
AT28PC64 will cease accepting data and commence the inter- 
nal programming operation. All bytes during a page write oper- 
ation must reside on the same page as defined by the state of the 
AS-A12 inputs. For each WE high to low transition during the 
page write operation, AS - A12 must be the same. 


The AO to A4 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 

DATA POLLING: The AT28PC64 features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement of the written data to be presented on I/O7. Once 


Pin Capacitance (f= 1 MHz, T = 25°C) 


Note: 1. This parameter is characterized and is not 100% tested. 


Units Conditions 
a 
12 Vout = 0 V 


ATMEL 


the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 

TOGGLE BIT: In addition to DATA Polling the AT28PC64 
provides another method for determining the end of a write 
cycle. During the write operation, successive attempts to read 
data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, I/O6 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: If precautions are not taken, inadvertent 
writes to the AT28PC64 may occur during transitions of the host 
system power supply. Atmel has incorporated the following fea- 
tures that will protect the memory against inadvertent writes. 


HARDWARE PROTECTION: Hardware features protect 
against inadvertent writes to the AT28PC64 in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (b) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically time out 5 ms typi- 
cal) before allowing a write: (c) write inhibit - holding any one 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


CHIP CLEAR: The contents of the entire memory of the 
AT28PC64 may be set to the high state (erased) by the use of the 
CHIP CLEAR operation. By setting CE low and OE to 12 volts, 
the chip is cleared when a 10 ms low pulse is applied to the WE 
pin. 

DEVICE IDENTIFICATION: An extra 32 bytes of E*PROM 
memory are available to the user for device identification. By 
raising A9 to 12 V + 0.5 V and using address locations 1FEOH 
to IFFFH the additional bytes may be written to or read from in 
the same manner as the regular memory array. 
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D.C. and A.C. Operating Range 


AT28PC64-15 AT28PC64-20 AT28PC64-25 
- o"C-70C o°C - 70°C OC - 70°C 
perating O o ° ° 
Temperature (Case) -40°C - 85°C -40°C - 85°C -40°C - 85°C 
-55°C - 125°C 255°C «125°C -55°C - 125°C 
Vcc Power Supply 5V+10% 5V+10% 5V+10% 


Operating Modes 


IL VIL DIN 
Write Inhibit X VIL X 
Output Disable X VIH X ° High Z 


Chip Erase VIL Vy VIL High Z 
Notes: 1. X can be Vy, or Vu. 3. VH=12.0 V+ 0.5 V. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 
Symbol Parameter Condition Min 


Output Leakage Current Viio = 0 V to Vcc 
Com.., Ind. 
Mil. 


Vcc Standby CurrentCMOS CE =Vcc-0.3 Vto Vcc +1V 


Vcc Standby Current TTL CE =2.0Vto Vcc +1V 3 mA 
Voc Active Current f = 5 MHz; lour = 0 mA 80 mA 


VIL 
VIH Input High Voltage 


VOL Output Low Voltage lol = 2.1 mA 
Output High Voltage IOH = -400 LA 
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A.C. Characteristics “” 


Symbol 


CE to Output Delay 


co OE to Output Delay 


A.C. Read Waveforms 


ADDRESS 


OUTPUT 
Notes: 
1. CL= 100 pF. 
2. CE may be delayed up to tacc - tcg after the address transition 


3. 


without impact on tacc. 

OE may be delayed up to tce - tog after the falling edge 

of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and 
Measurement Level 


3.0V 
AC AC 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL 
0.0V 
trR, te< 5ns 


AT28PC64-15 | AT28PC64-20 | AT28PC64-25 
Address to Output Delay p50 | 00 | | 
a ol a oe Ae 


CE or OE to Output Float re 


t Output Hold from OE, CE or 
OH Address, whichever occurred first 


AT28PC64 


q ADDRESS VALID 


OE 


ears OUTPUT \ 
| 


VALID 


pH 


4. tpg is specified from OE or CE whichever occurs first 
(CL = 5 pF). 


5. This parameter is characterized and is not 100% tested. 


Output Test Load 
5.0V 


1.8K 
OUTPUT 


PIN 
1.3K T 


100pF 
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A.C. Write Characteristics 
Symbol Parameter Min Typ Max Units 


50 ns 
0 ns 


Data Set-up Time 
Data, OE Hold Time 
Write Cycle Time 1.0 2.0 ms 


A.C. Write Waveforms- WE Controlled 


OE 
tOEH 
ADDRESS > ee ee ee 
_ tAS 
. 


A.C. Write Waveforms- CE Controlled 
OE 


appaesS 
tAS 
We Fest} 


qo 


twC 
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Page Mode Write Characteristics 


Parameter 
Write Cycle Time 


Address Set-up Time 
Address Hold Time 


tps Data Set-up Time 


tDH Data Hold Time 


Write Pulse Width 


Byte Load Cycle Time 


tPLW Page Load Width 


Write Pulse Width High 


tAS tWP tBLC tWPH 
WE _ a an i a 
tgp acl 
ao-aa Kvaiaood< |X|» (> a 


DATA XwmwoasX{ KO a 

BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 30 BYTE 31 ar 
ee | 
ieee ena || 


Notes: AS through A12 must specify the same page address during each 
high to low transition of WE (or CE). _ 
OE must be high only when WE and CE are both low. 


Chip Erase Waveforms 


ts = ty = 1 psec (min.) 
tw = 10 msec (min.) vit 


Vu = 12.0V+0.5 V iW 
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Note: Some systems require increased load cycle time, beyond that permitted by the AT28PC64. The following Page Mode Write 
Characteristics and Waveforms address this situation. Please reference Atmel part number AT28PC64-SL376 to specify this device. 


Page Mode Write Characteristics (AT28PC64-SL376) 


Symbol Parameter Min Typ Max Units 
t Write Cycle Time 1 2.0 ms 
Address Set-up Time 


Sta Address Hold Time 
ftos Data Set-up Time 


Data Hold Time 0 ns 
Write Pulse Width 100 ns 


twp 
Byte Load Cycle Time 
Write Pulse Width High 


tWP,; tWPH , tBLC a 
pada — 
WE tAS —_ 


seg leak 


po 

fp 

A0-AA umes — TX > a Gs a 

ata Kao KX a “a 
BYTE 0 


BYTE 1 BYTE 2 BYTE 3 BYTE 62 BYTE 63 


|__twc 


Notes: AS through A12 must specify the same page address during each 
high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 
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Data Polling Characteristics” 


Symbol Parameter 


tH Data Hold Time 


tDH 
OE Hold Time 
toe Cd OE to Output Delay 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE a 
CE F\ 

ae \_ ff \ 
07 i ane 
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs. 
- TEMPERATURE 7 SUPPLY VOLTAGE 
N 1 y 1. 
_ 
m m 1.2 
14 1 
| 40 
4 ; 
d d 
0.8 
, 09 
C Cc 
C 08 C 06 
-55 -25 5 35 65 95 125 4.50 4.75 5.00 5.25 5.50 
Temperature (C) Supply Voltage (V) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


Aonn--—-amaagnoz 


Q0— 


Frequency (MHz) 


2-144 1 5 asm ee ee aaron aremnncomaes 


AT28PC64 


Ordering Code Operation Range 


AT28PC64(E)-15DC 
AT28PC64(E)-15JC 
AT28PC64(E)-15PC 
AT28PC64(E)-15TC 


AT28PC64(E)-15DI 


Ordering Information 


tacc Icc (mA) 
ae 
150 


Commercial 
(0°C to 70°C) 


Industrial 


AT28PC64(E)-15JI (-40°C to 85°C) 
AT28PC64(E)-15PI 

AT28PC64(E)-15TI 

AT28PC64(E)-15DM/883 Military/883C 
AT28PC64(E)-15LM/883 Class B, Fully Compliant 


(-55°C to 125°C) 
AT28PC64(E)-20DC Commercial 


AT28PC64(E)-20JC (0°C to 70°C) 
AT28PC64(E)-20PC 


AT28PC64(E)-20DI 
AT28PC64(E)-20Jl 
AT28PC64(E)-20PI 


AT28PC64(E)-20DM/883 Military/883C 
AT28PC64(E)-20LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


AT28PC64(E)-25DC 
AT28PC64(E)-25JC 
AT28PC64(E)-25PC 
AT28PC64-W 


AT28PC64(E)-25DI Industrial 
AT28PC64(E)-25Jl (-40°C to 85°C) 
AT28PC64(E)-25PI 


AT28PC64(E)-25DM/883 Military/883C 
AT28PC64(E)-25LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 


300!) AT28PC64(E)-30DM/883 28D6 Military/883 
AT28PC64(E)-30LM/883 32L Class B, Fully Compliant 
(-55°C to 125°C) 


Military/883 
Class B, Fully Compliant 
(-55°C to 125°C) 


AT28PC64(E)-35DM/883 
AT28PC64(E)-35LM/883 


ATMEL 214s 


aaa 
Ordering Information 
a | | 
Ord Code Package Operation Range 
5962-87514 09 XX 28D6 Military/883C 


5962-87514 09 YX Class B, Fully Compliant 


(-55°C to 125°C) 
5962-87514 08 XX Military/883C 
5962-87514 08 YX Class B, Fully Compliant 
(-55°C to 125°C) 

Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Notes: 1. Electrical specifications for these speeds are defined in Standardized Military Drawing 5962-87514. 


5962-87514 07 XX 
5962-87514 07 YX 


5962-87514 06 XX 
5962-87514 06 YX 


Cas | 52 Lead Plt -eaded Chip Carer OTP(PLCG) 
(sa, | ser Norvinons,Gnaieates Cin arr TSS] 


| Blank | Standard Device: Endurance = 10K Write Cycles; Write Time = 2 ms 
PE | High Endurance Option: Endurance = 100K Write Cycles 
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Features 


e Fast Read Access Time - 150 ns 
e Automatic Page Write Operation 
internal Address and Data Latches for 64 Bytes 
Internal Control Timer 
e Fast Write Cycle Times 
Page Write Cycle Time: 3.0 ms or 10 ms maximum 
1 to 64 Byte Page Write Operation 
e Low Power Dissipation 
80 mA Active Current 
200 1A CMOS Standby Current 
e Hardware and Software Data Protection 
e DATA Polling for End of Write Detection 
High Reliability CMOS Technology 
Endurance: 10° or 10° Cycles 
Data Retention: 10 years 
Single 5 V+ 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
JEDEC Approved Byte-Wide Pinout 
Full Military, Commercial, and industrial Temperature Ranges 


Description 


The AT28C256 is a high-performance Electrically Erasable and Programmable Read Only 
Memory. Its 256K of memory is organized as 32,768 words by 8 bits. Manufactured with 
Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 150 ns 
with power dissipation of just 440 mW. When the device is deselected, the CMOS standby 
current is less than 200 LA. 


The AT28C256 is accessed like a Static RAM for the read or write cycle without the need for 
external components. The device contains a 64-byte page register to allow writing of up to 64 


(continued on next page) 


Pin Configurations TSOP Top View 


AiO — 
VO7 

VO5 

VO3 
vO2 
Oo 

Al 


A7 A14VCC_A13 
A12 NC_WE 


| PinName Function 
AQ-A14 | Addresses 


1/00 - \/O7 Data Inputs/Outputs 
No Connect 


14151617181920 
WO's 12 NC345 
GND 


Note: PLCC package pins 1 and 
17 are DON’T CONNECT. 


OF i 8 deck 
ao ,iecos | Psa 


256K (32K x 8) 
Paged 

CMOS 
E*PROM 
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Description (Continued) 


bytes simultaneously. During a write cycle, the addresses and 1 
to 64 bytes of data are internally latched, freeing the address and 
data bus for other operations. Following the initiation of a write 
cycle, the device will automatically write the latched data using 
an internal control timer. The end of a write cycle can be de- 
tected by DATA polling of I/O7. Once the end of a write cycle 
has been detected a new access for a read or write can begin. 


Block Diagram 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 
-0.6 V to +6.25 V 


with Respect to Ground 


All Output Voltages 
with Respect to Ground 


Voltage on OE and AQ 
with Respect to Ground 


-0.6 V to Voc +0.6 V 


-0.6 V to +13.5 V 
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X DECODER 


Atmel’s 28C256 has additional features to ensure high quality 
and manufacturability. The device utilizes internal error correc- 
tion for extended endurance and improved data retention char- 
acteristics. An optional software data protection mechanism is 
available to guard against inadvertent writes. The device also 
includes an extra 64 bytes of E’PROM for device identification 
or tracking. 


DATA INPUTS/OUTPUTS 
VO0 - VO7 


IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Device Operation 


READ: The AT28C256 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28C256 al- 
lows one to sixty-four bytes of data to be written into the device 
during a single internal programming period. A page write op- 
eration is initiated in the same manner as a byte write; the first 
byte written can then be followed by one to sixty-three addi- 
tional bytes. Each successive byte must be written within 150 ps 
(tgLc) of the previous byte. If the taLc limit is exceeded the 
AT28C256 will cease accepting data and commence the internal 
programming operation. All bytes during a page write operation 
must reside on the same page as defined by the state of the A6- 
A14 inputs. For each WE high to low transition during the page 
write operation, A6 - Al4 must be the same. 


The AO to AS inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 

DATA POLLING: The AT28C256 features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement of the written data to be presented on I/O7. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 

TOGGLE BIT: In addition to DATA Polling the AT28C256 
provides another method for determining the end of a write 
cycle. During the write operation, successive attempts to read 
data from the device will result in I/O6 toggling between one 
and zero. Once the write has completed, I/O6 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 

DATA PROTECTION: If precautions are not taken, inadvertent 
writes may occur during transitions of the host system power 


Pin Capacitance (f= 1 MHz, T = 25°C)” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
4 6 pF Vin =0V 
8 12 pF Vour =0V 
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supply. Atmel has incorporated both hardware and software fea- 
tures that will protect the memory against inadvertent writes. 


HARDWARE PROTECTION: Hardware features protect 
against inadvertent writes to the AT28C256 in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (6) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit - holding any one 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFTWARE DATA PROTECTION: A software controlled 
data protection feature has been implemented on _ the 
AT28C256. When enabled, the software data protection (SDP), 
will prevent inadvertent writes. The SDP feature may be en- 
abled or disabled by the user; the AT28C256 is shipped from 
Atmel with SDP disabled. 


SDP is enabled by the host system issuing a series of three write 
commands; three specific bytes of data are written to three spe- 
cific addresses (refer to Software Data Protection Algorithm). 
After writing the three byte command sequence and after twc 
the entire AT28C256 will be protected against inadvertent write 
operations. It should be noted, that once protected the host may 
still perform a byte or page write to the AT28C256. This is done 
by preceding the data to be written by the same three byte com- 
mand sequence used to enable SDP. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions do not disable SDP and 
SDP will protect the AT28C256 during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. The data in the enable and dis- 
able command sequences is not written to the device and the 
memory addresses used in the sequence may be written with 
data in either a byte or page write operation. 


After setting SDP, any attempt to write to the device without the 
three byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, read operations will effectively be polling opera- 
tions. 

DEVICE IDENTIFICATION: An extra 64 bytes of E*PROM 
memory are available to the user for device identification. By 
raising A9 to 12 V + 0.5 V and using address locations 7FCOH 
to 7FFFH the additional bytes may be written to or read from in 
the same manner as the regular memory array. 
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D.C. and A.C. Operating Range 


AT28C256-15 AT28C256-20 AT28C256-25 AT28C256-35 
— 0°C - 70°C 0°C - 70°C 0°C - 70°C 
eratin 
Teenie (Case) ‘ A0°C = 85°C A0°C = 85°C 46°C = 85°C 
-55°C - 125°C -55°C - 125°C -55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5 V+ 10% 5V+10% 5V+10% 5V+10% 


Operating Modes 


Mode 

Read 

Write’? 
ee Inhibit 


Chip Erase 


Notes: 1. X can be Viz or Vin. SS ESTEE? 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


Symbol Parameter Condition 
iu | Vin=0Vto Vcc +1V 
‘hg | Vivo = 0 Vto Vcc 
= Vcc Standby CurrentCMOS  CE= Vcc-0.3 Vto Vcc +1 V oom We 
Vcc Standby Current TTL CE=2.0Vto Voc +1V 
Vcc Active Current f = 5 MHz; louT=0mA 
Input Low Voltage 


Output Low Voltage loL = 2.1 MA 
Output High Voltage IOH = -400 LA 
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A.C. Read Characteristics 


Symbol 


Address to Output Delay 


‘ice | CE to Output Delay _ 200 | 


200 
80 
CE or OE to Output Float 


Output Hold from OE, CE 
t or Address, whichever 
occurred first 


tCE | 150 | 
‘toe ® | OE to Output Delay 
tor © | 050 | 


A.C. Read Waveforms 
ADDRESS <{ ADDRESS VALID _> 


CE NK 
OE 


OUTPUT HIGH Z a, OUTPUT 
te a 
Notes: 
1. CE may be delayed up to tacc - tcg after the address transition 3. tpFis specified from OE or CE whichever occurs first 
without impact on tacc. (CL =5 pF). 
2. OE may be delayed up to tcg - tog after the falling edge 4. This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5.0V 
3.0V 1.8 
AC id OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS ia LEVEL 1.3K 100pF 
tR, tr < 5ns L 


ATMEL 28 


AIMEL 


A.C. Write Characteristics 
Symbol Parameter Min Max Units 


Address, OE Set-up Time 
Address Hold Time 
Chip Select Set-up Time 


i 0 ns 
50 ns 
i i 0 ns 
| tos | DataSetupTime 8 ts 
10 ms 


AT28C256 
twc Write Cycle Time 
AT28C256F 3.0 ms 


Note: 1. NR=No Restiction 


A.C. Write Waveforms- WE Controlled 


OE 
tOEH 
ADDRESS >| 
tAS 
a tCS - 
WE KY 
tWPH 


tWP. 


tDV tDS tDH 
DATA IN _ 


A.C. Write Waveforms- CE Controlled 


OE 
tOEH 
aponess x 
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Page Mode Characteristics 


Symbol Parameter Min Max Units 
AT28C256 10 ms 
AT28C256F 3.0 ms 


Address Set-up Time 0 ns 
[tay | AddressHoldTime Os 
| tos | _DataSetupTime Ns 
f toy | DataHoldTime ts 
i twe | Wi : 

S 


50 
Write Pulse Width 10 
i 50 


twc Write Cycle Time 


n 
n 
0 n 

Byte Load Cycle Time 150 us 
n 


Write Pulse Width High 


BYTE 62 BYTE 63 
|_tWc _ 


Notes: A6 through A14 must specify the same page address during each 
high to low transition of WE (or CE). _ 
OE must be high only when WE and CE are both low. 


Chip Erase Waveforms 


ts = ty = 5 psec (min.) VIL 
tw = 10 msec (min.) tw. 
Vy = 12.0 V+0.5 V 
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Software Data 


Protection Enable Algorithm “” 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 
TO 
ADDRESS 5555 


(2) 


WRITES ENABLED 


LOAD DATA XX 
ANY ADDRESS 


LOAD LAST BYTE 
TO 
LAST ADDRESS 


ENTER DATA 
PROTECT STATE 


Notes for software program code: 

1. Data Format: 1/07 - I/O0 (Hex); 
Address Format: A14 - AO (Hex). 

2. Write Protect state will be activated at end of write even if no 
other data is loaded. 

3. Write Protect state will be deactivated at end of write period 
even if no other data is loaded. 

4. 1 to 64 bytes of data are loaded. 


Software Protected Write Cycle Waveforms 


OE 
CE 
—_— tWR tWPH | 
“ tAS 
a es pes tDH 
A0-A5 nal eos BYTE ADDRESS 
on ee 5555 
AG-A14 = KC) 
tDS 
DATA re Gre Gr 


Notes: A6 through A14 must specify the same page address during each high to low 
transition of WE (or CE) after the software code has been entered. 


OE must be high only when WE and CE are both low. 


AT28C256 
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BYTE 62 


Software Data it 
Protection Disable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 80 
TO 
ADDRESS 5555 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 20 
TO 
ADDRESS 5555 


LOAD DATA XX 
ANY ADDRESS 


LOAD LAST BYTE 
TO 
LAST ADDRESS 


BYTE 63 


EXIT DATA 
PROTECT STATE 


(3) 
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Data Polling Characteristics” 


Symbol Parameter 
tDH Data Hold Time 


OE Hold Time 


Mtoe | GE to Output Detay 


twR Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE ————aa 
CE F\ 

oe VWI\ 
/O7 - -~ - 


OE Hold Time 


htop OE to Output Delay 
OE High Pulse 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Toggle Bit Waveforms 


ad tOEH 
OE \ f \ 


tOE 
ee tDH HIGH Z 
{WR 


Notes: 

1. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of I/06 will vary. 

3. Any address location may be used but the address should not vary. 
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NORMALIZED SUPPLY CURRENT vs. 


NORMALIZED SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


TEMPERATURE 


5.25 5.50 


4.7 5.00 
Temperature (C) Supply Voltage (V) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


Frequency (MHz) 
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Ordering Code Operation Range 


Ordering Information 


tacc 
ain San 


AT28C256(E,F)-15DC Commercial 
AT28C256(E, is -15JC (0°C to 70°C) 
AT28C256(E,F)-15PC 

AT28C256(E,F)-15TC 

AT28C256(E,F)-15UC 

AT28C256(E,F)-15DI Industrial 
AT28C256(E,F)-15ul (-40°C to 85°C) 
AT28C256(E,F)-15Pl 

AT28C256(E,F)-15TI 

AT28C256(E,F)-15Ul 

AT28C256(E,F)-15DM/883 Military/883C 
AT28C256(E,F)-15FM/883 Class B, Fully Compliant 
AT28C256(E,F)-15LM/883 (-55°C to 125°C) 
AT28C256(E,F)-15UM/883 

AT28C256(E,F)-20DC Commercial 
AT28C256(E,F)-20JC (0°C to 70°C) 
AT28C256(E,F)-20PC 

AT28C256(E,F)-20UC 

AT28C256(E,F)-20DI Industrial 
AT28C256(E,F)-20JI (-40°C to 85°C) 
AT28C256(E,F)-20PI 

AT28C256(E,F)-20UI 

AT28C256(E,F)-20DM/883 Military/883C 
AT28C256(E,F)-20FM/883 Class B, Fully Compliant 
AT28C256(E,F)-20LM/883 (-55°C to 125°C) 
AT28C256(E,F)-20UM/883 

AT28C256(E,F)-25DC Commercial 
AT28C256(E,F)-25JC (0°C to 70°C) 
AT28C256(E,F)-25PC 

AT28C256(E,F)-25UC 


AT28C256-W 


AT28C256(E,F)-25DI Industrial 
AT28C256(E,F)-25uI (-40°C to 85°C) 
AT28C256(E,F)-25PI 

AT28C256(E,F)-25UI 

AT28C256(E,F)-25DM/883 Military/883C 
AT28C256(E,F)-25FM/883 Class B, Fully Compliant 
AT28C256(E,F)-25LM/883 (-55°C to 125°C) 
AT28C256(E,F)-25UM/883 

AT28C256(E,F)-30DM/883 Military/883C 
AT28C256(E,F)-30FM/883 Class B, Fully Compliant 
AT28C256(E,F)-30LM/883 (-55°C to 125°C) 
AT28C256(E,F)-30UM/883 

AT28C256(E,F)-35DM/883 Military/883C 
AT28C256(E,F)-35FM/883 Class B, Fully Compliant 
AT28C256(E,F)-35LM/883 (-55°C to 125°C) 
AT28C256(E,F)-35UM/883 
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Ordering Information 


tacc Icc (mA) 
) Standby 


Ordering Code Operation Range 


5962-88525 07 UX Military/883C 
5962-88525 07 XX Class B, Fully Compliant 
5962-88525 07 YX (-55°C to 125°C) 
5962-88525 07 ZX 


5962-88525 06 UX 
5962-88525 06 XX 
5962-88525 06 YX 
5962-88525 06 ZX 


5962-88525 04 UX 
5962-88525 04 XX 
5962-88525 04 YX 
5962-88525 04 ZX 


5962-88525 03 UX Military/883C 
5962-88525 03 XX Class B, Fully Compliant 
5962-88525 03 YX (-55°C to 125°C) 
5962-88525 03 ZX 


5962-88525 05 UX 
5962-88525 05 XX 
5962-88525 05 YX 
5962-88525 05 ZX 


5962-88525 02 UX 
5962-88525 02 XX 
5962-88525 02 YX 
5962-88525 02 ZX 


5962-88525 01 UX 
5962-88525 01 XX 
5962-88525 01 YX 
5962-88525 01 ZX 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Notes: 1. Electrical specifications for these speeds are defined by Standardized Military Drawing 5962-88525. 


Package Type 
28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 

28 Lead, Plastic Thin Small Outline Package (TSOP) 

28 Pin, Ceramic Pin Grid Array (PGA) 


Options 
Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


fE | High Endurance Option: Endurance = 100K Write Cycles 
/ FO Fast Write Option: Write Time = 3 ms 
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Features 


e Fast Read Access Time - 70 ns 

e Automatic Page Write Operation 
internal Address and Data Latches for 64 Bytes 
internal Control Timer 

e Fast Write Cycle Times 
Page Write Cycle Time: 10 ms or 3 ms maximum 
1 to 64 Byte Page Write Operation 

e Low Power Dissipation 


80 mA Active Current 256 (32K x 8) 


3 mA Standby Current (AT28HC256L) . 
Hardware and Software Data Protection Hig h Speed 
CMOS 


DATA Polling for End of Write Detection 
2 
E“PROM 


High Reliability CMOS Technology 
Endurance: 10° or 10° Cycles 
Data Retention: 10 years 
Single 5 V+ 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
JEDEC Approved Byte-Wide Pinout 
Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT28HC256/L is a high-performance Electrically Erasable and Programmable Read 
Only Memory. Its 256K of memory is organized as 32,768 words by 8 bits. Manufactured with 
Atmel’s advanced nonvolatile CMOS technology, the AT28HC256 offers access times to 70 
ns with power dissipation of just 440 mW. When the AT28HC256L is deselected, the standby 
current is less than 5 mA. 


The AT28HC256/L is accessed like a Static RAM for the read or write cycle without the need 
for external components. The device contains a 64-byte page register to allow writing of up to 


(continued on next page) 


Pin Configurations TSOP Top View 


AiO — 
VO7 
VO5 
V/O3 
vo2 
vOo 

Al 


(ce | chpenabie | 
| OE | OutputEnable | 
aa 


Ai2 NC WE 


BBoEES 


Al 
AO 
NC 
VOO 


14151617181920 
W's 12 NC345 
GND 


Note: PLCC package pins 1 and 
17 are DON’T CONNECT. 
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Description (Continued) 


64 bytes simultaneously. During a write cycle, the address and 
1 to 64 bytes of data are internally latched, freeing the addresses 
and data bus for other operations. Following the initiation of a 
write cycle, the device will automatically write the latched data 
using an internal control timer. The end of a write cycle can be 
detected by DATA polling of I/O7. Once the end of a write 
cycle has been detected a new access for a read or write can 
begin. 


Block Diagram 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 


-0.6 V to Vcc +0.6 V 


Voltage on OE and AQ 


with Respect to Ground -0.6 V to +13.5 V 
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Y DECODER 


X DECODER 


Atmel’s 28HC256/L has additional features to ensure high qual- 
ity and manufacturability. The device utilizes internal error cor- 
rection for extended endurance and improved data retention 
characteristics. An optional software data protection mecha- 
nism is available to guard against inadvertent writes. The device 
also includes an extra 64 bytes of EPROM for device identifi- 
cation or tracking. 


DATA INPUTS/OUTPUTS 
VO0 - /O7 


DATA LATCH 


IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Device Operation 


READ: The AT28C256 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
Outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28C256 al- 
lows one to sixty-four bytes of data to be written into the device 
during a single internal programming period. A page write op- 
eration is initiated in the same manner as a byte write; the first 
byte written can then be followed by one to sixty-three addi- 
tional bytes. Each successive byte must be written within 150 ps 
(tpLc) of the previous byte. If the tgLc limit is exceeded the 
AT28C256 will cease accepting data and commence the internal 
programming operation. All bytes during a page write operation 
must reside on the same page as defined by the state of the A6- 
A14 inputs. That is, for each WE high to low transition during 
the page write operation, A6 - A14 must be the same. 


The AO to AS inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 


DATA POLLING: The AT28C256 features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement of the written data to be presented on I/O7. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


TOGGLE BIT: In addition to DATA Polling the AT28C256 
provides another method for determining the end of a write 
cycle. During the write operation, successive attempts to read 
data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, I/O6 will stop toggling 
and valid data will be read. Testing the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: If precautions are not taken, inadvertent 
writes to any five-volt-only nonvolatile memory may occur dur- 


Pin Capacitance (f= 1 MHz, T = 25°C) 


Note: 1. This parameter is characterized and is not 100% tested. 


| Typ Max Units Conditions 
4 6 pF VIN=OV 
8 12 pF Vout = 0 V 
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ing transition of the host system power supply. Atmel has incor- 
porated both hardware and software features that will protect 
the memory against inadvertent writes. 


HARDWARE PROTECTION: Hardware features protect 
against inadvertent writes to the AT28C256 in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (b) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically time out 5 ms typi- 
cal) before allowing a write: (c) write inhibit - holding any one 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFTWARE DATA PROTECTION: A software controlled 
data protection feature has been implemented on_ the 
AT28C256. When enabled, the software data protection (SDP), 
will prevent inadvertent writes. The SDP feature may be en- 
abled or disabled by the user; the AT28C256 is shipped from 
Atmel with SDP disabled. 


SDP is enabled by the host system issuing a series of three write 
commands; three specific bytes of data are written to three spe- 
cific addresses (refer to Software Data Protection Algorithm). 
After writing the three byte command sequence and after twc 
the entire AT28C256 will be protected against inadvertent write 
operations. It should be noted, that once protected the host may 
still perform a byte or page write to the AT28C64B. This is done 
by preceding the data to be written by the same three byte com- 
mand sequence. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions do not disable SDP and 
SDP will protect the AT28C256 during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. It should also be noted that the 
data in the enable and disable command sequences is not written 
to the device and the memory addresses used in the sequence 
may be written with data in either a byte or page write operation. 


After setting SDP, any attempt to write to the device without the 
three byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, read operations will effectively be polling opera- 
tions. 

DEVICE IDENTIFICATION: An extra 64 bytes of E?PROM 
memory are available to the user for device identification. By 
raising A9 to 12 V + 0.5 V and using address locations 7FCOH 
to 7FFFH the additional bytes may be written to or read from in 
the same manner as the regular memory array. 
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D.C. and A.C. Operating Range 
AT28HC256-70 AT28HC256L-90 AT28HC256-90 AT28HC256/L-12 


o°C - 70°C OG-70C OC =-70 C6 OC. 70°C 
-40°C - 85°C -40°C - 85°C -40°C - 85°C -40°C - 85°C 
-55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+10% 5V+10% 5V+10% 5V+10% 


Operating 
Temperature (Case) 


Operating Modes 
Mode CE OE WE Ne) 
Read VIL VIL VIH DouT 
Write!@) VIL VIH VIL DIN 
Standby/Write Inhibit x(") High Z 


Write Inhibit 


VIH X 
X X VIH 
Chip Erase ViL Vy ® VIL High Z 


Notes: 1. X can be Vy, or Vi. 5, Vn= IZ0VE0S ¥. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


Symbol Parameter Condition Min Max Units 


Input Load Current ViIN=OVto Vcc +1V 


tus 10 WA 
lo Output Leakage Current Vvo = OV to Vcc 10 LA 
IsB1 Vcc Standby Current TTL CE=2.0Vto Vcc +1V slit : = 
AT28HC256 60 mA 

Vcc Standby CurrentCMOS CE=-3.0VtoVcc+1V  AT28HC256L 300 pA 


Vcc Active Current f =5 MHz; louT=0OmA 80 


floc mA 

/Vi___| ImputLow Voltage 

|Vin | ImputHigh Votage 

Vou , v 
2.4 V 


8 
Output Low Voltage lol = 6.0 mA 45 
Output High Voltage loH= -4 MA 


ILI 
ILO 
Icc 
VIL 
VIH 
VOL 
VOH 
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AT28HC256/L 


A.C. Read Characteristics 

smoctlParemene LSE: 7_|_AasczEe'90 | ATaBHGZESA-12 
Symbol | Parameter po Min Max | Min Max | Min Max _| 
tacc_|AddresstoOutputDelay ss | 70 S| | S120] 
Pp 120 | ons 
toe |OEto OutputDelay = | 85] | Os 
tor) |CEorOEtoOutputFloat == || 0-85 | s| Cos 


Output Hold from OE, CE or 
Address, whichever occurred first 


A.C. Read Waveforms 
ADDRESS <{ ADDRESS VALID) 


F. 
7 
OUTPUT HIGH Z a, OUTPUT 
A VALID Py 
Notes: es 
1. CE may be delayed up to tacc - tcg after the address transition 3. tpF is specified from OE or CE whichever occurs first 
without impact on tacc. (CL =5 pF). 
2. OE may be delayed up to tcg - tog after the falling edge 4. This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5 OV 
3.0V 1.8 
AC AC OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS er LEVEL 1.3K [ 100pF 
tr, tr< 5 ns 
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A.C. Write Characteristics 


| tas,toes | Address,OESetupTime 
jtwH | AddressHoldTime 8s 
[tes | ChipSelectSetupTime ts 
| tcy | ChipSelectHoldTime ts 
| twe | _Write Pulse Width(WEorCE) 00 ts 
50 ns 
0 ns 


[tos | DataSetupTime 8s 
| tov | TimetoDatavaid NR 
AT28HC256 10 ms 


twc Write Cycle Time 
AT28HC256F 3.0 


ms 


Note: 1. NR=No Restiction 


A.C. Write Waveforms- WE Controlled 


OE 
tOEH 
ADDRESS >| OD 
tAS 
cE 
tCS - 
WE KKY 
tWPH 


tWP. 


tDV tDS tDH 
DATA IN ee 


A.C. Write Load Waveforms- CE Controlled 


OE 
tOEH 
a ED 


ADDRESS 
al 
WE CH 
a 
CE KY 


tWPH 
tWP. 


tDV tDS tDH 
DATA IN _——————— 
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AT28HC256/L 


Page Mode Write Characteristics 


Symbol Parameter Min Typ Max Units 
2 Ss 


AT28HC256 10 m 
AT28HC256F 2 3.0 ms 


Address Set-up Time 0 ns 
jtos_ | DataSetupTime 08s 
150 us 

i i 50 ns 


twc Write Cycle Time 


Byte Load Cycle Time 
Write Pulse Width High 


BYTE 62 BYTE 63 
|.~—tWC _ 


Notes: A6 through A14 must specify the same page address during each 
high to low transition of WE (or CE). __ 
OE must be high only when WE and CE are both low. 


Chip Erase Waveforms 


a 


ts = ty = S psec (min.) VIL 
tw = 10 msec (min.) Ww 
VH=12.0Vt05V 


ATMEL 2165 
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Software Data - 
Protection Enable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 
TO 


ADDRESS 5555 (2) 


WRITES ENABLED 


LOAD DATA XX 
ANY ADDRESS 


LOAD LAST BYTE 
TO 


LAST ADDRESS ENTER DATA 


PROTECT STATE 


Notes: 

1. Data Format: 1/07 - I/O0 (Hex); 
Address Format: A14 - AO (Hex). 

2. Write Protect state will be activated at end of write even if no 
other data is loaded. 

3. Write Protect state will be deactivated at end of write period 
even if no other data is loaded. 

4. 1 to 64 bytes of data are loaded. 


Software Protected Write Cycle Waveforms 


OE 
CE 
a tWR tWPH = 
oe tAS 
ss = {DH 
AQ-A5 eee BYTE ADDRESS 
| 5555 
A6-A14 ee ae Ae PAGE ADDRESS 
tDS 
DATA a Gr ar 


Software Data ts 
Protection Disable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 80 
TO 
ADDRESS 5555 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 20 
TO 
ADDRESS 5555 


LOAD DATA XX 


TO (4) 
ANY ADDRESS 


LOAD LAST BYTE 
TO 
LAST ADDRESS 


BYTE 62 BYTE 63 


Notes: A6 through A14 must specify the same page address during each high to low 
transition of WE (or CE) after the software code has been entered. 
OE must be high only when WE and CE are both low. 
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EXIT DATA 
PROTECT STATE 


(3) 


AT28HC256/L 


Data Polling Characteristics” 


Parameter 
Data Hold Time 


OE Hold Time 
OE to Output Delay 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


Symbol Parameter 


Data Hold Time 


OE Hold Time 
f toe sd OE to Output Delay 


toEHP OE High Pulse 


Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Toggle Bit Waveforms 


ae tOEH 
OE \ / \ 


{OE 
_ (DH HIGH Z 
{WR 


Notes: 

1. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of 1/06 will vary. 

3. Any address location may be used but the address should not vary. 
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NORMALIZED SUPPLY CURRENT vs. 


TEMPERATURE 
y 13 
oO 
f 42 
m 
a 
1 4.4 
Z 
e 1.0 
d 
, 09 
Cc 
C 08 
-55 -25 5 35 65 95 125 


Temperature (C) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


aA On--—-Mar oZ 


QA0—- 


Frequency (MHz) 
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O20 Aeon---—-Magn oz 


NORMALIZED SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


0.8 


4.50 4.75 5.00 5.25 5.50 
Supply Voltage (V) 
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Ordering Information 


tacc oc In) Ordering Code Package Operation Range 
(ns) 


AT28HC256(E,F)-70DC 28D6 
AT28HC256(E, iy -70JC 32J 
AT28HC256(E,F)-70PC 
AT28HC256(E,F)-70D! 
AT28HC256(E,F)-70ul 
AT28HC256(E,F)-70PI 


AT28HC256(E,F)-90DC 
AT28HC256(E,F)-90JC 
AT28HC256(E,F)-90PC 
AT28HC256(E,F)-90UC 


AT28HC256(E,F)-90DI 
AT28HC256(E,F)-90uI 
AT28HC256(E,F)-90PI 
AT28HC256(E,F)-90UI 


AT28HC256(E,F)-90DM/883 
AT28HC256(E,F)-90FM/883 
AT28HC256(E,F)-90LM/883 
AT28HC256(E,F)-90UM/883 


AT28HC256(E,F)-12DC 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Commercial 


}. 

)- 

}- 
AT28HC256(E,F)-12UC (0°C to 70°C) 
AT28HC256(E,F)-12PC 
AT28HC256(E,F)-12TC 
AT28HC256(E,F)-12UC 
AT28HC256(E,F)-12DI Industrial 
AT28HC256(E,F)-12uI (-40°C to 85°C) 
AT28HC256(E,F)-12PI 
AT28HC256(E,F)-12TI 
AT28HC256(E,F)-12UI 


AT28HC256(E,F)-12DM/883 
AT28HC256(E,F)-12FM/883 
AT28HC256(E,F)-12LM/883 
AT28HC256(E,F)-12UM/883 


5962-88634 03 UX 
5962-88634 03 XX 
5962-88634 03 YX 
5962-88634 03 ZX 


5962-88634 04 UX 
5962-88634 04 XX 
5962-88634 04 YX 
5962-88634 04 ZX 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
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Ordering Information 


Package Type 


28D6 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32L 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
28T 28 Lead, Plastic Thin Small Outline Package (TSOP) 


28 Pin, Ceramic Pin Grid Array (PGA) 

Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 
High Endurance Option: Endurance = 100K Write Cycles 

Fast Write Option: Write Time = 3 ms 
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Ordering Code Operation Range 


AT28HC256L(E,F)-90DC 
AT28HC256L(E,F)-90JC 
AT28HC256L(E,F)-90PC 
AT28HC256L(E,F)-90UC 


AT28HC256L(E,F)-90DI 
AT28HC256L(E,F)-90uI 
AT28HC256L(E,F)-90PI 
AT28HC256L(E,F)-90UI 


AT28HC256L(E,F)-12DC 
AT28HC256L(E,F)-12JC 
AT28HC256L(E,F)-12PC 
AT28HC256L(E,F)-12UC 
AT28HC256L-W 


AT28HC256L(E,F)-12DI 
AT28HC256L(E,F)-12uI 
AT28HC256L(E,F)-12P! 
AT28HC256L(E,F)-12UI 

) 

) 

) 


Ordering Information 


tAcc =e (mA) 
in) Standby 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


AT28HC256L(E,F)-12DM/883 
AT28HC256L(E,F)-12FM/883 
AT28HC256L(E,F)-12LM/883 
AT28HC256L(E,F)-12UM/883 


5962-88634 01 UX Military/883C 
5962-88634 01 XX Class B, Fully Compliant 
5962-88634 01 YX (-55°C to 125°C) 
5962-88634 01 ZX 


5962-88634 02 UX Military/883C 
5962-88634 02 XX Class B, Fully Compliant 
5962-88634 02 YX (-55°C to 125°C) 
5962-88634 02 ZX 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 
28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
28 Pin, Ceramic Pin Grid Array (PGA) 


Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


EO High Endurance Option: Endurance = 100K Write Cycles 
TF Fast Write Option: Write Time = 3 ms 


2-171 


2-172 SOE as CN ies J ESE RES SIRE ae ea ead nea SMO 


Features 


e Fast Read Access Time - 120 ns 

e Automatic Page Write Operation 
internal Address and Data Latches for 64 Words 
Internal Control Timer 

e Fast Write Cycle Times 
Page Write Cycle Time: 10 ms maximum 
1 to 64 Word Page Write Operation 

e Low Power Dissipation A 
100 mA Active Current 1 Megabit 
400 1A CMOS Standby Current 

e Hardware and Software Data Protection (64K X 1 6) 

e DATA Polling for End of Write Detection 

High Reliability CMOS Technology Paged 


Endurance: 10* or 10° Cycles 
Data Retention: 10 years _ OS 
E“PROM 


Single 5 V+ 10% Supply 

CMOS and TTL Compatible Inputs and Outputs 

JEDEC Approved Word-Wide Pinout 

Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT28C1024 is a high performance Electrically Erasable and Programmable Read Only 
Memory. Its 1 megabit of memory is organized as 65,536 words by 16 bits. Manufactured 
with Atmel’s advanced nonvolatile CMOS technology, the device offers access times down 
to 120 ns with power dissipation of just 550 mW. When the device is deselected, the CMOS 
standby current is less than 400 LA. 


The AT28C1024 is accessed like a Static RAM for the read or write cycle without the need 
for external components. The device contains a 64-word page register to allow writing of up 
to 64 words simultaneously. During a write cycle, the addresses and 1 to 64 words of data are 
internally latched, freeing the address and data bus for other operations. Following the initia- 
tion of a write cycle, the device will automatically write the latched data using an internal 
control timer. The end of a write cycle can be detected by DATA polling of 1/07 or I/O15. 
Once the end of a write cycle has been detected a new access for a read or write can begin. 


Atmel’s 28C1024 has additional features to ensure high quality and manufacturability. The 
device utilizes internal error correction for extended endurance and improved data retention 
characteristics. An optional software data protection mechanism is available to guard against 
inadvertent writes. The device also includes an extra 64 words of E*PROM for device identi- 
fication or tracking. 


Pin Configurations Top View Top View 


VO13 VOI5NC VCC NC A14 
vO14 CE NC WE AI5 


Pin Name Function 


|OE __| Output Enable _ 


Data 
00 - WO1S Inputs/Outputs 


16 
17 19 21 23 25 27 29¢ AS 
18 20 22 24 26 28 


E 
E 


VO2 VOONC At A3 
VO3 VO1 OE AO A2 A4 
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Block Diagram 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 
-0.6 V to +6.25 V 


with Respect to Ground 


All Output Voltages 
with Respect to Ground 


Voltage on OE and A9 
with Respect to Ground 


-0.6 V to Voc +0.6 V 


-0.6 V to 13.5 V 


Device Operation 


READ: The AT28C1024 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 
WRITE: A low pulse on the WE or CE input with CE or WE low 
(respectively) and OE high initiates a write cycle. The address is 
latched on the falling edge of CE or WE, whichever occurs last. 
The data is latched by the first rising edge of CE or WE. Once a 
write has been started it will automatically time itself to comple- 
tion. 

PAGE WRITE: The page write operation of the AT28C1024 
allows one to one hundred sixty-four wordss of data to be writ- 
ten into the device during a single internal programming period. 
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Y DECODER 


X DECODER 


DATA INPUTS/OUTPUTS 
1/00 - 015 


DATA LATCH 


IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


A page write operation is initiated in the same manner as a sin- 
gle word write; the first eord written can then be followed by 
one to one sixty-three additional words. Each successive word 
must be written within 150 ps (tBLc) of the previous byte. If the 
tBLc limit is exceeded the AT28C 1024 will cease accepting data 
and commence the internal programming operation. All data 
during a page write operation must reside on the same page as 
defined by the state of the A6-A15 inputs. For each WE high to 
low transition during the page write operation, A6-A15 must be 
the same. 


The AO to AS inputs are used to specify which words within the 
page are to be written. The words may be loaded in any order 
and may be altered within the same load period. Only words 
which are specified for writing will be written; unnecessary cy- 
cling of other words within the page does not occur. 


(continued on next page) 
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Device Operation (Continued) 


DATA POLLING: The AT28C1024 features DATA Polling to 
indicate the end of a write cycle. During a single word or page 
write cycle an attempted read of the last data written will result 
in the complement of the written data to be presented on I/O7 
and I/O15. Once the write cycle has been completed, true data 
is valid on all outputs, and the next write cycle may begin. 
DATA Polling may begin at anytime during the write cycle. 


TOGGLE BIT: In addition to DATA Polling the AT28C1024 
provides another method for determining the end of a write 
cycle. During the write operation, successive attempts to read 
data from the device will result in I/O14 toggling between one 
and zero. Once the write has completed, 1/014 will stop tog- 
gling and valid data will be read. Reading the toggle bit may 
begin at any time during the write cycle. 

DATA PROTECTION: If precautions are not taken, inadvertent 
writes may occur during transitions of the host system power 
supply. Atmel has incorporated both hardware and software fea- 
tures that will protect the memory against inadvertent writes. 


HARDWARE PROTECTION: Hardware features protect 
against inadvertent writes to the AT28C1024 in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (6) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit - holding any one 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 

SOFTWARE DATA PROTECTION: A software controlled 
data protection feature has been implemented on_ the 
AT28C1024. When enabled, the software data protection 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
4 10 pF Vin = 0V 
8 12 pF Vout = 0V 


AIMEL 


(SDP), will prevent inadvertent writes. The SDP feature may be 
enabled or disabled by the user; the AT28C1024 is shipped from 
Atmel with SDP disabled. 


SDP is enabled by the host system issuing a series of three write 
commands; three specific data words are written to three spe- 
cific addresses (refer to Software Data Protection Algorithm). 
After writing the three word command sequence and after twc 
the entire AT28C1024 will be protected against inadvertent 
write operations. It should be noted, that once protected the host 
may still perform a single word or page write to the 
AT28C1024. This is done by preceding the data to be written by 
the same three word command sequence used to enable SDP. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions do not disable SDP and 
SDP will protect the AT28C1024 during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. The data in the enable and dis- 
able command sequences is not written to the device and the 
memory addresses used in the sequence may be written with 
data in either a single word or page write operation. 


After setting SDP, any attempt to write to the device without the 
three word command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, read operations will effectively be polling opera- 
tions. 

DEVICE IDENTIFICATION: An extra 64 words of E7PROM 
memory are available to the user for device identification. By 
raising A9 to 12 V + 0.5 V and using address locations FFCOH 
to FFFFH the additional words may be written to or read from 
in the same manner as the regular memory array. 
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D.C. and A.C. Operating Range 
AT28C1024-12 = AT28C1024-15 — AT28C 1024-20. =: AT28C0124-25 


o°C- 70°C o°C = 70°C oC - 7° oc- 70 
le 40°C - 85°C °C - 85°C 40°C - 85°C 40°C - 85°C 
Temperature (Case) ~A0°C -8 i ac we - se th 

-55°C - 125°C -55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+10% 5V+10% 5V+10% 5V+10% 


Operating Modes 
Mode CE OE WE Ne) 
Read VIL VIL VIH DouT 
Write!) VIL VIH VIL DIN 


Standby/Write Inhibit VIH xt") X High Z 
Write Inhibit X ViL X 


Notes: 1. X can be Vy or Vai. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


Symbol Parameter Condition Units 


Min Max 
floc Voc Active Current f = 5 MHz; lout =0 mA 100 mA 
v 
5 v 
V 


Input High Voltage 2.0 | 
Output Low Voltage loL=2.1mMA 4 
2.4 


Icc 
Output High Voltage IOH = -400 LA 
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AT28C1024 


A.C. Read Characteristics 


AT28C1024-12 | AT28C1024-15 | AT28C1024-20 | AT28C1024-25 
Symbol | Parameter pin Max | in Max | in Max | Min Max 


Address to OutputDelay | 120 | 150 | 200 | 250 | ns 
CEtoOutputDelay | 120 | 150 | 00 | 250 | s 


3 Toss | 0 ss [0 6 | 0 70 | ns 


toE OE 

CE or OE to Output Float 
Output Hold from OE, CE 

tOH or Address, whichever 

A.C. Read Waveforms 


occurred first 
ADDRESS q ADDRESS VALID 
tACC 


CE NO 
OE 


> 
ted 


F. 
7 ‘ 
OUTPUT HIGHZ “77 ouTpUT SY 
ee a 
Notes: Se 
1. CE may be delayed up to tacc - tcg after the address transition 3. tpFis specified from OE or CE whichever occurs first 
without impact on tacc. (CL =5 pF). 
2. OE may be delayed up to tcg - tok after the falling edge 4. This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5 OV 
3.0V 18 
AC AC . OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS 4 i LEVEL 1.3K 100pF 
tr, te< 5S ns Lb 
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A.C. Write Characteristics 
Symbol Parameter Min Max Units 


Address, OE Set-up Time 
Address Hold Time 


0 ns 
50 ns 
|tos | DataSetupTime ts 
Write Cycle Time 10 ms 


A.C. Write Waveforms- WE Controlled 


OE 
tOEH 
ADDRESS KPC KSCOdOSOCOSSSSC“OS 


tAS 
cE CH 
WE xxXY 
tWPH 
tWP. 


A.C. Write Waveforms- CE Controlled 
OE 


tOEH 
ADDRESS KCK SC“S 
tAS 
WE po tae 
XY 
tWPH 
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Page Mode Characteristics 


Symbol Parameter Min Max 
twc Write Cycle Time 10 


P tas | Address Set-up Time 0 ns 
Address Hold Time 50 ns 


Data Set-up Time ns 


Data Hold Time ns 


Write Pulse Width High 


tWP tWPH 
we TA RS 
tAS 
fo 


tDH 
poas Kimonos |X|) a ea 
tDS tiass 
ATA Xeno KKK 
WORD 0 WORD 1 WORD 2 WORD 3 WORD 62 WORD 63 a 
|_tWC = 
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AIMEt 


Software Data - 
Protection Enable Algorithm 


LOAD DATA AAAA 
TO 
ADDRESS 5555 


LOAD DATA 5555 
TO 
ADDRESS AAAA 


LOAD DATA AOAO 
TO 


ADDRESS 5555 (2) 


WRITES ENABLED 


LOAD DATA XXXX 
TO (4) 
ANY ADDRESS 


LOAD LAST WORD 
TO 


LAST ADDRESS ENTER DATA 


PROTECT STATE 


Notes: 

1. Data Format: 1/015 - I/O0 (Hex); 
Address Format: A15 - AO (Hex). 

2. Write Protect state will be activated at end of write even if no 
other data is loaded. 

3. Write Protect state will be deactivated at end of write period 
even if no other data is loaded. 

4. 1 to 64 words of data are loaded. 


Software Protected Program Cycle Waveform 


OE 


Software Data in 
Protection Disable Algorithm 


LOAD DATA AAAA 
TO 
ADDRESS 5555 


LOAD DATA 5555 
TO 
ADDRESS AAAA 


LOAD DATA 8080 
TO 
ADDRESS 5555 


LOAD DATA AAAA 
TO 
ADDRESS 5555 


LOAD DATA 5555 
TO 
ADDRESS AAAA 


LOAD DATA 2020 
TO 
ADDRESS 5555 EXIT DATA 


PROTECT STATE ©) 


LOAD DATA XXXX 
ANY ADDRESS 


LOAD LAST WORD 
TO 
LAST ADDRESS 


WE 
tAS 
Mees ipa (DH Z 
aoas XXX | _ Xevrenoness, X is 
ABAIS KKK |X pace anos, yy 
tDS a 
DATA re Ge Gin, XX 
WORD 0 WORD 62 WORD 63 
h— two—4 
Notes: A6 through A15 must specify the same page address during each high to low 
transition of WE (or CE) after the software code has been entered. 
OE must be high only when WE and CE are both low. 
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Data Polling Characteristics’” 


Parameter 
Data Hold Time 


OE Hoid Time 


OE to Output Delay 


Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE 

CE — F 

- VIN 
/O7 7 = - 


Parameter 
Data Hold Time 


OE Hold Time 


OE to Output Delay 
OE High Pulse 


Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Toggle Bit Waveforms 


a, tOEH i tOEHP 
OE \ / \ 


tDH tOE 


HGHZ et 
1/014 tWR 
Notes: 


1. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of 1/014 will vary. 
3. Any address location may be used but the address should not vary. 
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Ordering Information 


AIMEL 


tacc : 
Ordering Code Package Operation Range 

120 100 0.4 AT28C1024-12BC 40B Commercial 
AT28C1024-12LC 44L (0° to 70°C) 
AT28C1024-12Bl 40B Industrial 
AT28C1024-12LI 44L (-40° to 85°C) 


AT28C1024-15BC 40B Commercial 
AT28C1024-15LC 44L (0° to 70°C) 
AT28C1024-15Bl 40B Industrial 
AT28C1024-15LI 44L (-40° to 85°C) 
AT28C1024-15BM 40B Military 
AT28C1024-15LM 44L (-55°C to 125°C) 


AT28C1024-15BM/883 Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


0.4 AT28C1024-20BC 40B Commercial 
AT28C1024-20LC 44L (0° to 70°C) 
AT28C1024-20BI 40B Industrial 
AT28C1024-20LI 44L (-40° to 85°C) 
AT28C1024-20BM 40B Military 
AT28C1024-20LM 44L (-55°C to 125°C) 


AT28C1024-15LM/883 


AT28C1024-20BM/883 Military/883C 
AT28C1024-20LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 


Commercial 
(0° to 70°C) 


AT28C1024-25BC 
AT28C1024-25LC 
AT28C1024-W 

Industrial 


AT28C1024-25BI 40B 

AT28C1024-25LI 44L (-40° to 85°C) 
AT28C1024-25BM 40B Military 
AT28C1024-25LM 44L (-55°C to 125°C) 


AT28C1024-25BM/883 Military/883C 


AT28C1024-25LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 
40 Lead, 0.600" Wide, Ceramic Side Braze Dual Inline (Side Braze) 
44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


Features 


e Fast Read Access Time - 120 ns 
e Automatic Page Write Operation 
Internal Address and Data Latches for 128 Bytes 
Internal Control Timer 
e Fast Write Cycle Time 
Page Write Cycle Time - 10 ms maximum 
1 to 128 Byte Page Write Operation 
e Low Power Dissipation 
80 mA Active Current 
300 1A CMOS Standby Current 
e Hardware and Software Data Protection 
e DATA Polling for End of Write Detection 
High Reliability CMOS Technology 
Endurance: 10° or 10° Cycles 
Data Retention: 10 years 
Single 5 V+ 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
JEDEC Approved Byte-Wide Pinout 
Full Military, Commercial and Industrial Temperature Ranges 


Description 


The AT28C010 is a high-performance Electrically Erasable and Programmable Read Only 
Memory. Its one megabit of memory is organized as 131,072 words by 8 bits. Manufactured 
with Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 120 
ns with power dissipation of just 440 mW. When the device is deselected, the CMOS standby 
current is less than 300 LA. 


The AT28C010 is accessed like a Static RAM for the read or write cycle without the need for 
external components. The device contains a 128-byte page register to allow writing of up to 
128 bytes simultaneously. During a write cycle, the address and 1 to 128 bytes of data are 
internally latched, freeing the address and data bus for other operations. Following the initia- 
tion of a write cycle, the device will automatically write the latched data using an internal 
control timer. The end of a write cycle can be detected by DATA polling of 1/07. Once the 
end of a write cycle has been detected a new access for a read or write can begin. 


Atmel’s 28C010 has additional features to ensure high quality and manufacturability. The 
device utilizes internal error correction for extended endurance and improved data retention 
characteristics. An optional software data protection mechanism is available to guard against 
inadvertent writes. The device also includes an extra 128 bytes of EPROM for device iden- 
tification or tracking. 


Pin Configurations Top View Top View 


Ai5 NC NC VCC _NC A14 
A16 NC NC WE NC 


Pin Name Function 


Chip Enable 


Output Enable 
Write Enable 


Data 
Inputs/Outputs 


NC 


VOO VO2NC VO4 V/O6 
AO 1/01 VSS I/03 O05 O07 


1 Megabit 
(128K x 8) 
Paged 
CMOS 
E*PROM 
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Block Diagram 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 


-0.6 V to Vcc +0.6 V 


—— 


—— 


Voltage on OE and AQ 


with Respect to Ground -0.6 V to +13.5 V 


Device Operation 


READ: The AT28C010 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
Outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28C010 al- 
lows one to one hundred twenty-eight bytes of data to be written 
into the device during a single internal programming period. A 
page write operation is initiated in the same manner as a byte 
write; the first byte written can then be followed by one to one 
hundred twenty-seven additional bytes. Each successive byte 
must be written within 150 ps (tBLc) of the previous byte. If the 
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Y DECODER 


X DECODER 


DATA INPUTS/OUTPUTS 
1/00 - VO7 


DATA LATCH 


IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ee 


tBLc limit is exceeded the AT28C010 will cease accepting data 
and commence the internal programming operation. All bytes 
during a page write operation must reside on the same page as 
defined by the state of the A7-A16 inputs. For each WE high to 
low transition during the page write operation, A7 - Al6 must 
be the same. 


The AO to A6 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 


DATA POLLING: The AT28C010 features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement of the written data to be presented on I/O7. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


(continued on next page) 
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Device Operation (Continued) 


TOGGLE BIT: In addition to DATA Polling the AT28C010 
provides another method for determining the end of a write 
cycle. During the write operation, successive attempts to read 
data from the device will result in I/O6 toggling between one 
and zero. Once the write has completed, I/O6 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 

DATA PROTECTION: If precautions are not taken, inadvertent 
writes may occur during transitions of the host system power 
supply. Atmel has incorporated both hardware and software fea- 
tures that will protect the memory against inadvertent writes. 


HARDWARE PROTECTION: Hardware features protect 
against inadvertent writes to the AT28C010 in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (b) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit - holding any one 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFTWARE DATA PROTECTION: A software controlled 
data protection feature has been implemented on_ the 
AT28C010. When enabled, the software data protection (SDP), 
will prevent inadvertent writes. The SDP feature may be en- 
abled or disabled by the user; the AT28CO10 is shipped from 
Atmel with SDP disabled. 


Pin Capacitance (f= 1 MHz, T = 25°C)” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
4 10 pF VIN =0V 
8 12 pF Vout = 0 V 


ATMEL 


SDP is enabled by the host system issuing a series of three write 
commands; three specific bytes of data are written to three spe- 
cific addresses (refer to Software Data Protection Algorithm). 
After writing the three byte command sequence and after twc 
the entire AT28C010 will be protected against inadvertent write 
operations. It should be noted, that once protected the host may 
still perform a byte or page write to the AT28C010. This is done 
by preceding the data to be written by the same three byte com- 
mand sequence used to enable SDP. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions do not disable SDP and 
SDP will protect the AT28CO10 during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. The data in the enable and dis- 
able command sequences is not written to the device and the 
memory addresses used in the sequence may be written with 
data in either a byte or page write operation. 


After setting SDP, any attempt to write to the device without the 
three byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, read operations will effectively be polling opera- 
tions. 

DEVICE IDENTIFICATION: An extra 128 bytes of E’PROM 
memory are available to the user for device identification. By 
raising A9 to 12 V + 0.5 V and using address locations 1FF80H 
to 1FFFFH the bytes may be written to or read from in the same 
manner as the regular memory array. 


se 
* 
mm 
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D.C. and A.C. Operating Range 


AT28C010-12 AT28C010-15 AT28C010-20 AT28C010-25 


aren oc-70G 0°C -70°C oc -70'C 0°C - 70°C 
perating Oo Oo ° Oo Oo o o Oo 
-55°C - 125°C -55°C - 125°C -55°C - 125°C -55°C - 125°C 


Vcc Power Supply 


5V+10% 5V+10% 5V+10% 5 V+ 10% 


Operating Modes 


Notes: 1. X can be Vy or Vu. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


Symbol Parameter Condition Max Units 
Input Load Current Vin=OVtoVcc+1V 
Output Leakage Current Vvo =0 V to Vcc 
Vcc Standby Current CMOS CE=Vcc-0.3 Vto Vcc +1V 


tu | 
flo 
isp1 
/isp2__| Voc Standby Current TTL CE =2.0Vto Vcc +1V 
fico 
Vn 
Vin | 


RAE 
' 
io) 
2/3 \6 
slel 


Vcc Active Current f = 5 MHz; louT=O mA 
Input Low Voltage 


oO 
o) 


Input High Voltage V 
VoL Output Low Voltage loL = 2.1 mA V 
Output High Voltage IOH = -400 LA 2.4 V 


Output High Voltage CMOS lOH =- 100 LA; Vcc = 4.5 V 4.2 
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A.C. Read Characteristics 


AT28C010-12 | AT28C010-15 | AT28C010-20 | AT28C010-25 
Symbol | Parameter | Min Max | Min Max_ | Min Max_| Min Max 


tacc__|AddresstoOutputDelay | 120 | 150 | 200 || 250 |_| 
toe |CEto Output Delay | 120 | 50 | 00 || 250 |_| 
toe |OEtoOutputDelay || 0 50 || O85 | 85] Ons 
tor S |CEorOE to OutputFloat | 0 50 | 0 55 | O 55 | Oo 55 | ns | 


Output Hold from OE, CE 
tOH or Address, whichever 
occurred first 


A.C. Read Waveforms 
ADDRESS 


ADDRESS VALID 


OUTPUT 
DOSE: eo 
1. CE may be delayed up to tacc - tcg after the address transition 3. tpF is specified from OE or CE whichever occurs first 
without impact on tacc. (CL = SpF). 
2. OE may be delayed up to tcg - tog after the falling edge 4. This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5.0V 
3.0V 1.8K 
AC AC OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
EVELS 

L ae LEVEL 1.3K T 100pF 

tr, tr< Sns 
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A.C. Write Characteristics 


Symbol 


Parameter 


Address, OE Set-up Time 0 


Chip Select Hold Time 0 ns 


Data, OE Hold Time 0 ns 


twc 
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Write Cycle Time 10 ms 


OE 


ADDRESS 


Kx 


tWPH 


tOEH 
Se a Ge 
tAS 
a 
OXY 
tWPH 


tDS tDH 
DATA IN (4 


7 SO...) Reabssaan saan lactam msc iaarmaacees 
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Page Mode Characteristics 


Parameter 


Write Cycle Time 


tas Address Set-up Time 
tAH Address Hold Time 


Data Set-up Time 50 ns 


Data Hold Time 0 


Write Pulse Width 
Byte Load Cycle Time 


Write Pulse Width High 


Page Mode Write Waveforms 


BYTE 126 BYTE 127 
|__twc 7 


Notes: A7 through A16 must specify the page address during each high to 
low transition of WE (or CE). _ __ 
OE must be high only when WE and CE are both low. 
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Software Data o Software Data ’ 
Protection Enable Algorithm Protection Disable Algorithm 
LOAD DATA AA LOAD DATA AA 
TO TO 
ADDRESS 5555 ADDRESS 5555 
LOAD DATA 55 LOAD DATA 55 
TO TO 
ADDRESS 2AAA ADDRESS 2AAA 
LOAD DATA AO LOAD DATA 80 
TO TO 
ADDRESS 5555 WRITES ENABLED (2) ADDRESS 5555 
LOAD DATA XX LOAD DATA AA 
TO (4) TO 
ANY ADDRESS ADDRESS 5555 
LOAD LAST BYTE LOAD DATA 55 
TO TO 
LAST ADDRESS ENTER DATA ADDRESS 2AAA 
PROTECT STATE 
LOAD DATA 20 
TO 
ADDRESS 5555 EXIT DATA (3) 
Notes: PROTECT STATE 
1. Data Format: I/O7 - I/O0 (Hex); LOAD DATA XX 
Address Format: A14 - AO (Hex). TO (4) 
2. Write Protect state will be activated at end of write even if no ANY ADDRESS 
other data is loaded. 
3. Write Protect state will be deactivated at end of write period LOAD LAST BYTE 
even if no other data is loaded. TO 


4. 1 to 128 bytes of data are loaded. 


LAST ADDRESS 


Software Protected Program Cycle Waveform 


Notes: 
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_ 2 ee 
E J ; a 

© Ys/i sre Le’ KSLA” 

_ WA tWPHP— tBLC 

WE *. \ j — 


pal a 


AO-AG Ki) 


5555 


LS 
ae aa BYTE ADDRESS x 7 
ese | oa | _ 


A7-A16 rr er 3} PAGE ADDRESS L 
eames 


tDS tDH | 
DATA re Ge Gre 7___X__X 77 
BYTE 0 BYTE 126 BYTE 127 
k— two 


AO-A14 must conform to the addressing sequence for the first three bytes as shown above. 
After the command sequence has been issued and a page write operation follows, the page 
address inputs (A7-A16) must be the same for each high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 
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Data Polling Characteristics” 


Symbol Parameter 
tDH Data Hold Time 


OE Hold Time 
| toe -——«|.- OE to Output Delay 


tWR Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE a 
cE NV 
oe V/V 
/O7 i? “ - 


Symbol Parameter 


Data Hold Time 


OE Hold Time 


OE to Output Delay 


OE High Pulse 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Toggle Bit Waveforms 


ining tOEH 
OE y yf * 


tOE 
10 tDH HIGH Z 
/06 tWR 


Notes: 

1. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of I/O6 will vary. 

3. Any address location may be used but the address should not vary. 
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Ordering Information 


! 
en soli a! Ordering Code Package Operation Range 


AT28C010-12BC (E) 32B Commercial 
AT28C010-12FC (0° to 70°C) 
AT28C010-12LC (E) 


AT28C010-12BI (E) Industrial 
AT28C010-12F I (-40° to 85°C) 
AT28C010-12LI (E) 


AT28C010-12BM (E) 32B 
AT28C010-12FM 32F 
AT28C010-12LM (E) 44L 


AT28C010-12BM/883 (E) Military/883C 
AT28C010-12FM/883 Class B, Fully Compliant 
AT28C010-12LM/883 (E) (-55°C to 125°C) 


AT28C010-15BC (E) 
AT28C010-15FC 
AT28C010-15LC (E) 
AT28C010-15UC 
AT28C010-15VC 


AT28C010-15BI (E) 
AT28C010-15FI 
AT28C010-15LI (E) 
AT28C010-15UI 
AT28C010-15VI 


AT28C010-15BM (E) 
AT28C010-15FM 
AT28C010-15LM (E) 
AT28C010-15UM 
AT28C010-15VM 


AT28C010-15BM/883 (E) 
AT28C010-15FM/883 

AT28C010-15LM/883 (E) 
AT28C010-15UM/883 


AT28C010-20BC (E) 
AT28C010-20FC 
AT28C010-20LC (E) 
AT28C010-20UC 
AT28C010-20VC 


AT28C010-20BI (E) 
AT28C010-20F | 
AT28C010-20LI (E) 
AT28C010-20UI 
AT28C010-20VI 


AT28C010-20BM (E) 
AT28C010-20FM 
AT28C010-20LM (E) 
AT28C010-20UM 
AT28C010-20VM 


Military 
(-55°C to 125°C) 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Military 
(-55°C to 125°C) 
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AT28C010 


Ordering Code Operation Range 


AT28C010-20BM/883 (E) 32B 
AT28C010-20FM/883 32F 
AT28C010-20LM/883 (E) 44L 
AT28C010-20UM/883 


AT28C010-25BC (E) 
AT28C010-25FC 
AT28C010-25LC (E) 
AT28C010-25UC 
AT28C010-25VC 
AT28C010-W 


AT28C010-25BI (E) Industrial 
AT28C010-25FI (-40° to 85°C) 
AT28C010-25LI (E) 

AT28C010-25UI 

AT28C010-25VI 


AT28C010-25BM (E) 
AT28C010-25FM 
AT28C010-25LM (E) 
AT28C010-25UM 
AT28C010-25VM 


AT28C010-25BM/883 (E) Military/883C 
AT28C010-25FM/883 Class B, Fully Compliant 
AT28C010-25LM/883 (E) (-55°C to 125°C) 
AT28C010-25UM/883 


5962-38267 07M XX 
5962-38267 07M YX Class B, Fully Compliant 
5962-38267 07M ZX (-55°C to 125°C) 


5962-38267 05M XX Military/883C 
5962-38267 05M YX Class B, Fully Compliant 
5962-38267 05M ZX (-55°C to 125°C) 


5962-38267 03M XX Military/883C 
5962-38267 03M YX Class B, Fully Compliant 
5962-38267 03M ZX (-55°C to 125°C) 


5962-38267 01M XX Military/883C 
5962-38267 01M YX Class B, Fully Compliant 
5962-38267 01M ZX (-55°C to 125°C) 


Ordering Information 


tacc 
sa San 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Commercial 
(0° to 70°C) 


Military 
(-55°C to 125°C) 


Military/883C 
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Ordering Information 


[328 | 32 Lead, 0.600" Wide, Ceramic Side Braze Dual Inline (SideBraze) 
| 32F | 32 Lead, Non-Windowed, Ceramic Bottom-Brazed FlatPackage (Flatpack) 
| 30U , Ceramic Pi 

i 


30 Pin, Ceramic Pin Grid Array (PGA) 
Tape Automated Bond (TAB) Carrier 


Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 
High Endurance Option: Endurance = 100K Write Cycles 
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Features 


e Fast Read Access Time - 150 ns 
e Automatic Page Write Operation 
Internal Address and Data Latches for 128 Bytes 
Internal Control Timer 
e Fast Write Cycle Time 
Page Write Cycle Time - 10 ms maximum 
1 to 128 Byte Page Write Operation 
e Low Power Dissipation 
80 mA Active Current 
5 mA CMOS Standby Current 
e Hardware and Software Data Protection 
¢ DATA Polling for End of Write Detection 
e High Reliability CMOS Technology 
Endurance: 10° Cycles 
Data Retention: 10 years 
Single 5 V+ 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
JEDEC Approved Byte-Wide Pinout 
Full Military, Commercial and Industrial Temperature Ranges 


Description 


Pp relimi nary 


ns with power dissipation of just 440 mW. When the device is deselect , 
current is less than 53 mA. die 


: h quality and manufacturability. The 
nded endurance and improved data retention 
‘tion. mechanism is available to guard against 


characteristics. An optional softwar 
inadvertent writes. 


Pin Name Functi 


| OE | OutputEnable | 
| WE | WriteEnable 


1 
2 
3 
4 
5 
6 
i 
8 
9 
0 
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Block Diagram 


ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 
-0.6 V to +6.25 V 


with Respect to Ground 


All Output Voltages 
with Respect to Ground 


Voltage on OE and AQ 
with Respect to Ground 


-0.6 V to Vcc +0.6 V 


-0.6 V to +13.5 V 


Device Operation 


READ: The AT28MC020 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28MC020 
allows one to one hundred twenty-eight bytes of data to be writ- 
ten into the device during a single internal programming period. 
A page write operation is initiated in the same manner as a byte 
write; the first byte written can then be followed by one to one 
hundred twenty-seven additional bytes. Each successive byte 
must be written within 150 ps (taLc) of the previous byte. If the 
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Y DECODER 


X DECODER 


DATA INPUTS/OUTPUTS 
1/00 - VO7 


DATA LATCH 


IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


tBLc limit is exceeded the AT28MC020 will cease accepting 
data and commence the internal programming operation. All 
bytes during a page write operation must reside on the same 
page as defined by the state of the A7-A17 inputs. For each WE 
high to low transition during the page write operation, A7 - A17 
must be the same. 

The AO to A6 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 


DATA POLLING: The AT28MC020 features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement of the written data to be presented on I/O7. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 

(continued on next page) 
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Device Operation (Continued) 


TOGGLE BIT: In addition to DATA Polling the AT28MC020 
provides another method for determining the end of a write 
cycle. During the write operation, successive attempts to read 
data from the device will result in I/O6 toggling between one 
and zero. Once the write has completed, I/O6 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 

DATA PROTECTION: If precautions are not taken, inadvertent 
writes may occur during transitions of the host system power 
supply. Atmel has incorporated both hardware and software fea- 
tures that will protect the memory against inadvertent writes. 


HARDWARE PROTECTION: Hardware features protect 
against inadvertent writes to the AT28MC020 in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (b) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit - holding any one 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFTWARE DATA PROTECTION: A software controlled 
data protection feature has been implemented on_ the 
AT28MC020. When enabled, the software data protection 
(SDP), will prevent inadvertent writes. The SDP feature may be 
enabled or disabled by the user; the AT28MC020 is shipped 
from Atmel with SDP disabled. 


Pin Capacitance (f= 1 MHz, T = 25°C)” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
20 40 pF VIN =0V 
20 40 pF Vout = 0V 


z 


SDP is enabled by the host system issuing a series of three write 
commands; three specific bytes of data are written to three spe- 
cific addresses (refer to Software Data Protection Algorithm). 
After writing the three byte command sequence and after twc 
the selected quadrant pointed to by A17 will be protected 
against inadvertent write operations. Because the AT28MC020 
is comprised of two discrete memory devices the user must per- 
form the three byte command sequence twice: once to the lower 
half with A17 = 0; and once to the upper half with A17 = 1. 


It should be noted, that once protected the host may still perform 
a byte or page write to the AT28MC020. This is done by preced- 
ing the data to be written by the same three byte command se- 
quence used to protect the device. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions do not disable SDP and 
SDP will protect the AT28MC020 during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. The data in the enable and dis- 
able command sequences is not written to the device and the 
memory addresses used in the sequence may be written with 
data in either a byte or page write operation. 


After setting SDP, any attempt to write to the device without the 
three byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, read operations will effectively be polling opera- 
tions. 
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D.C. and A.C. Operating Range 


AT28MC020-15 AT28MC020-20 AT28MC020-25 


CC-70 Cc OG-70 Cc 0°C - 70°C 
Operating 


oO ie) 
Temperature (Case) -40°C - 85°C -40°C - 85°C -40°C - 85°C 
-55°C - 125°C -55°C - 125°C -55°C - 125°C 


Voc Power Supply 5V+10% 5V+10% 5V+10% 


Operating Modes 


Standby/Write Inhibit High Z 


Write Inhibit 
Write Inhibit 
Output Disable X VIH X High Z 


Notes: 1. X can be Viz or Vin. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 


Symbol Parameter Condition Min Max Units 


‘iui | mputLoad Current VIN=OVtoVec#1V A 
fo | Output Leakage Current Wwo=OVtoVeo 


Vcc Active Current f = 5 MHz; lout=0 mA 
Input Low Voltage 0.8 


Output Low Voltage loL = 2.1 MA 
Output High Voltage IOH = -400 pA 


loo | 
Vu | 
Vin Input High Voltage 
Vou 
[Vou 
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AT28MC020 


A.C. Read Characteristics 


AT28MC020-15 | AT28MCO020-20 | AT28MC020-25 
Symbol | Parameter pin Mex |Win Max | Min Max 


Address to Output Delay p50 | 200 
CE to Output Delay p80 fT 
OE to Output Delay 0 80 0 100 
tor ‘ 
OH 


, Output Hold from OE, CE or 
Address, whichever occurred first 


ADDRESS ADDRESS VALID 


ee 
OE a 
tACC 


OUTPUT HIGH Z 


Notes: 

1. CE may be delayed up to tacc - tcx after the address transition 3. tpg is specified from OE or CE whichever occurs first 
without impact on tacc. (CL =5 pF). 

2. OE may be delayed up to tcg - tog after the falling edge 4, This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5 OV 
3.0V 1.8 
AC AC . OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS — LEVEL 13K 100pF 
tr, te< 5 ns le 
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A.C. Write Characteristics 
Symbol Parameter Min Max Units 


Address, OE Set-up Time 
Address Hold Time 
cs Chip Select Set-up Time 
CH 

Cc 


10 ns 
i 100 ns 
i 0 ns 

| twe | Write Pulse Width(WE orCE) 150s 
pos | DataSetupTime 100s 
towitoeH | Data, OEHodTime 10s 


Notes: 1. A1l7 must remain valid throughout the WE or CE low pulse. 


A.C. Write Waveforms- WE Controlled 


OE 

tOEH 

appRESS KPC OSS“ 
tAS 

cE tae 


tCS 


OE 


tOEH 
appRESS CPC KS“ 
tAS 
WE tae 


CE <x 


tWPH 
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Page Mode Characteristics 


Symbol Parameter 


Write Cycle Time 
Address Set-up Time 


Address Hold Time 


jtos | DataSetupTime 00s 
tH Data Hold Time 10 

Write Pulse Width 

Byte Load Cycle Time 

Write Pulse Width High 


Notes: 1. A17 must remain valid throughout the WE or CE low pulse. 


Page Mode Write Waveforms 


fe - 
BYTE 126 BYTE 127 | 


Notes: A7 through A17 must specify the same page address during each 
high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 
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Software Data 


Protection Enable Algorithm 


(1,5,6) 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 


Software Data 
Protection Disable Algorithm 


(1,5,6) 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 80 


TO TO 
ADDRESS 5555 WRITES ENABLED (2) ADDRESS 5555 
LOAD DATA XX LOAD DATA AA 

TO (4) TO 

ANY ADDRESS ADDRESS 5555 
LOAD LAST BYTE LOAD DATA 55 
TO TO 
LAST ADDRESS ENTER DATA ADDRESS 2AAA 
PROTECT STATE 


LOAD DATA 20 
TO 


Notes: ADDRESS 5555 


1. Data Format: 1/07 - 1/00 (Hex); 
Address Format: A14 - AO (Hex). 

2. Write Protect state will be activated at end of write even if no 
other data is loaded. 

3. Write Protect state will be deactivated at end of write period 

even if no other data is loaded. 

. 1 to 128 bytes of data are loaded. 

. Al7 must address page to be written. 

. The quadrant determined by A17 acts independently. 


EXIT DATA 
PROTECT STATE 


(3) 


LOAD DATA XX 
TO (4) 
ANY ADDRESS 


LOAD LAST BYTE 
TO 
LAST ADDRESS 


Nn 


Software Protected Program Cycle Waveform 
_ 
a 7 Arr a a 
—e \S\S\S\I\S\S 
— tWP twPH | BLT Aiba 


- ww 
AO-AG 4, prenooness OX 
ee | oa | 


5555 


A7-17 ee ae ae PAGE ADDRESS _ 
7 


tDS ——| tDH 
fo 
pata Xm X » KX w X 9% XX 
BYTE 0 BYTE126 BYTE 127 
e— two 
Notes: AO-A14 must conform to the addressing sequence for the first three bytes as shown above. In addition, for each 


write during this command sequence A17 must be the same. 

After the command sequence has been issued and a page write operation follows, the page address inputs (A7-A17) 
must be the same for each high to low transition of WE (or CE). 

OE must be high only when WE and CE are both low. 
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Data Polling Characteristics” 
Symbol Parameter Min Typ Max 


Data Hold Time 10 


OE Hold Time 10 ns 


htop OE to Output Delay 100 ns 
Write Recovery Time ns 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


i 
WE 
CE F\ oN 
OE 


A0-A17 An X< An X_ An An xX An> 


Notes: For DATA Polling operations the state of A17 must be the same as it was for the byte or page write operation. 
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Ordering Information 


fia Icc (mA) 

Ordering Code Package Operation Range 

AT28MC020-15ZC Commercial 
(0° to 70°C) 

ee 15Z| Industrial 
(-40° to 85°C) 

Mendel 15ZM Military 
-55°C to 125°C) 


AT28MC020-15ZMB ae IAW M5004 
Military/883C 
Class B Components 
(-55°C to 125°C) 


AT28MC020-20ZC Commercial 
(0° to 70°C) 

AT28MC020-20ZI Industrial 
(-40° to 85°C) 


AT28MC020-20ZM Military 
(-55°C to 125°C) 


AT28MC020-20ZMB Screened IAW M5004 


Military/883C 
Class B Components 


(-55°C to 125°C) 


AT28MC020-25ZC Commercial 
(0° to 70°C) 
AT28MC020-25Z1 Industrial 
(-40° to 85°C) 
AT28MC020-25ZM Military 
(-55°C to 125°C) 


AT28MC020-25ZMB Screened IAW M5004 
Military/883C 
Class B Components 
(-55°C to 125°C) 


eee Type 


Features 


e Fast Read Access Time - 150 ns 
e Automatic Page Write Operation 
internal Address and Data Latches for 128 Bytes 
internal Control Timer 
e Fast Write Cycle Time 
Page Write Cycle Time - 10 ms maximum 
1 to 128 Byte Page Write Operation 
e Low Power Dissipation 
80 mA Active Current 
5 mA CMOS Standby Current 
e Hardware and Software Data Protection 
e DATA Polling for End of Write Detection 
e High Reliability CMOS Technology 
Endurance: 10° Cycles 
Data Retention: 10 years 
Single 5 V + 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
JEDEC Approved Byte-Wide Pinout 
Full Military, Commercial and Industrial Temperature Ranges 


4 Megabit 


Description 
The AT28MC040 is a high-performance Electrically Erasable and Programmable Read 


ns with power dissipation of just 440 mW. When the device is deselect 
current is less than 5 mA. 

The AT28MC040 is accessed like a Static RAM for the read or 
for external components. The device contains a 128-byte page regi 
to 128 bytes simultaneously. During a write cycle, the addre 


and improved data retention 
characteristics. An optional software data pi sm is available to guard against 


inadvertent writes. 


Pin Configuratic 


SCWOON DOOR WNH — 


Output Enable 
Write Enable 
1/00 - 1/07 Data Inputs/Outputs 
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Block Diagram 


VCC + 
GND —» 


= OE, CE AND WE 
WE LOGIC 
CE 
Y DECODER 
ADDRESS 
INPUTS 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 
-0.6 V to +6.25 V 


with Respect to Ground 


All Output Voltages 
with Respect to Ground 


Voltage on OE and AQ 
with Respect to Ground 


-0.6 V to Vcc +0.6 V 


-0.6 V to +13.5 V 


Device Operation 


READ: The AT28MC040 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 

BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 

PAGE WRITE: The page write operation of the AT28MC040 
allows one to one hundred twenty-eight bytes of data to be writ- 
ten into the device during a single internal programining period. 
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mas Y-GATING 
Lema 
ag 


X DECODER 


DATA INPUTS/OUTPUTS 
/00 - /O7 


= 


DATA LATCH 
INPUT/OUTPUT 
BUFFERS 


CELL MATRIX 
IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


A page write operation is initiated in the same manner as a byte 
write; the first byte written can then be followed by one to one 
hundred twenty-seven additional bytes. Each successive byte 
must be written within 150 ps (tpLc) of the previous byte. If the 
tBLc limit is exceeded the AT28MC040 will cease accepting 
data and commence the internal programming operation. All 
bytes during a page write operation must reside on the same 
page as defined by the state of the A7-A18 inputs. For each WE 
high to low transition during the page write operation, A7 - A18 
must be the same. 


The AO to A6 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 

(continued on next page) 
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Device Operation (Continued) 


DATA POLLING: The AT28MC040 features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement of the written data to be presented on I/O7. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 

TOGGLE BIT: in addition to DATA Polling the AT28MC040 
provides another method for determining the end of a write 
cycle. During the write operation, successive attempts to read 
data from the device will result in I/O6 roggling between one 
and zero. Once the write has completed, I/O6 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 

DATA PROTECTION: If precautions are not taken, inadvertent 
writes may occur during transitions of the host system power 
supply. Atmel has incorporated both hardware and software fea- 
tures that will protect the memory against inadvertent writes. 


HARDWARE PROTECTION: Hardware features protect 
against inadvertent writes to the AT28MC040 in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (b) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit - holding any one 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 

SOFTWARE DATA PROTECTION: A software controlled 
data protection feature has been implemented on_ the 
AT28MC040. When enabled, the software data protection 
(SDP), will prevent inadvertent writes. The SDP feature may be 


Pin Capacitance (f= 1 MHz, T = 25°C)” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
20 40 pF Vin = 0V 
20 40 pF Vout = 0 V 


AIMEL 


enabled or disabled by the user; the AT28MC040 is shipped 
from Atmel with SDP disabled. 


SDP is enabled by the host system issuing a series of three write 
commands; three specific bytes of data are written to three spe- 
cific addresses (refer to Software Data Protection Algorithm). 
After writing the three byte command sequence and after twc 
the selected quadrant pointed to by A17 and A18 will be pro- 
tected against inadvertent write operations. Because the 
AT28MC040 is comprised of four discrete memory devices, the 
user must perform the three byte command sequence four times; 
once to each quadrant selected by the four logic states of A17 
and A18. 


It should be noted, that once protected the host may still perform 
a byte or page write to the AT28MC040. This is done by preced- 
ing the data to be written by the same three byte command se- 
quence used to enable SDP. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions do not disable SDP and 
SDP will protect the AT28MC040 during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. The data in the enable and dis- 
able command sequences is not written to the device and the 
memory addresses used in the sequence may be written with 
data in either a byte or page write operation. 


After setting SDP, any attempt to write to the device without the 
three byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, read operations will effectively be polling opera- 
tions. 
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D.C. and A.C. Operating Range 


AT28MC040-15 AT28MC040-20 AT28MC040-25 


0°C - 70°C 0°C - 70°C 0°c - 70°C 
Operating 


Temperature (Case) -40°C - 85°C -40°C - 85°C -40°C - 85°C 
-55°C - 125°C -55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+10% 5V+10% 5V+10% 


Operating Modes 
Read VIL IL VIH ‘DouT 
ibi X VIH 
ibi X IL X 
IH X 


V 
X 
Write Inhibit X 
Write Inhibit V 
Output Disable X V High Z 


Notes: 1. X can be Vy, or Vu. 
2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 
Symbol Parameter Condition Min Max Units 


=<, 8 mA 
80 mA 


Vcc Standby Current TTL CE=2.0VtoVcc+1V 


Input Low Voltage 0.8 


Input High Voltage 
Output Low Voltage lol = 2.1 mA 45 
Output High Voltage IOH = -400 pA 


Iser 
Ise2 
Vcc Active Current f = 5 MHz; louT=OmA 
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A.C. Read Characteristics 


CE to Output Delay 


OE to Output Delay 


CE or OE to Output Float 


Output Hold from OE, CE or 
Address, whichever occurred first 


A.C. Read Waveforms 
ADDRESS 


OUTPUT 


Notes: 

1. CE may be delayed up to tacc - tcg after the address transition 
without impact on tacc. 

2. OE may be delayed up to tcx - tog after the falling edge 
of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and 
Measurement Level 


3.0V 
AC AC 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL 
0.0V 
tr, tk< Sns 


[00 | 50 
70 1 


procures | PO MRLE_|_ATzSMCDO-22_|_ATZEMCOAD 

Symbol | Parameter pin Max | in Max | in Ma 
so | 200 

150 200 

0 80 


ADDRESS VALID 


( 
. VALID 


AT28MC040 


ns 
po 80 | O10 | 
po eo | 0s 


Y OUTPUT 


ok 
a 


3. tpFis specified from OE or CE whichever occurs first 
(CL = 5 pF). 
4. This parameter is characterized and is not 100% tested. 


Output Test Load 


5.0V 
1.8 
OUTPUT 
PIN 
1.3K 100pF 


J 
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A.C. Write Characteristics 
Symbol Parameter Min Max Units 


tas, toes Address, OE Set-up Time 


an ‘) Address Hold Time 
Chip Select Set-up Time 


10 ns 
100 ns 
cs i 0 ns 
oH 

100 ns 

10 ns 

10 ms 


t 
t 
t 
tw 


P 
Data Set-up Time 
Data, OE Hold Time 
Write Cycle Time 


Notes: 1. A17 and A18 must remain valid throughout the WE or CE low pulse. 


A.C. Write Waveforms- WE Controlled 


OE 

tOEH 

ADDRESS > | TC 
tAS 

cE ed ee 

WE xKY 


A.C. Write Waveforms- CE Controlled 
OE 


tAS 


CE x 


tWP. 


tDS tDH 
DATA IN a 
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Page Mode Characteristics 


Symbol Parameter 
twc Write Cycle Time 


Address Set-up Time 10 


tay (? Address Hold Time 100 


tos Data Set-up Time 100 ns 


Data Hold Time 10 


Write Pulse Width 
Byte Load Cycle Time 


Write Pulse Width High 


Notes: 1. A17 and A18 must remain valid throughout the WE or CE low pulse. 


Page Mode Write Waveforms 


_ /— 
WE 
A0-A6 
ee fp —— - 
DATA x x 
BYTE 0 BYTE. 1 BYTE 2 BYTE 3 BYTE 126 BYTE 127 
|__twc _ 


Notes: A7 through A18 must specify the same page address during each 
high to low transition of WE (or CE). _ 
OE must be high only when WE and CE are both low. 
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Software Data 


Protection Enable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 
TO 
ADDRESS 5555 


LOAD DATA XX 
ANY ADDRESS 


LOAD LAST BYTE 


WRITES ENABLED 


AIMEt 


Software Data 


Protection Disable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 80 
TO 
(2) ADDRESS 5555 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 


(1,5,6) 


TO TO 
LAST ADDRESS ENTER DATA ADDRESS 2AAA 
PROTECT STATE 
LOAD DATA 20 
Notes: TO 
1. Data Format: I/O7 - I/O0 (Hex); ADDRESS 5555 EXIT DATA (3) 
Address Format: A14 - AO (Hex). PROTECT STATE 


2. Write Protect state will be activated at end of write even if no 


other data is loaded. 


3. Write Protect state will be deactivated at end of write period 


even if no other data is loaded. 
. 1 to 128 bytes of data are loaded. 
. Al7 and A18 must address page to be written. 


Ant 


. Quadrants determined by A17 and A18 act independently. 


LOAD DATA XX 
ANY ADDRESS 


LOAD LAST BYTE 
TO 
LAST ADDRESS 


Software Protected Program Cycle Waveform 


_ , ne 
OE / -_ 
ee tWP tWPH — 


>. - 
a 

aS oneness’ XK 

| — a a dae 


A0-A6 


5555 


—.__--— -—- 


A7-A18 


tDS 
DATA 


Notes: 


tDH 


re oe ore 


BYTE 0 BYTE 126 


BYTE 127 


fp 
A-— 


r— two" 


write during this command sequence A17 and A18 must be the same. 
After the command sequence has been issued and a page write operation follows, the page address inputs (A7-A18) 
must be the same for each high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 
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AO-A14 must conform to the addressing sequence for the first three bytes as shown above. In addition, for each 


AT28MC040 


Data Polling Characteristics” 


Symbol Parameter 


Data Hold Time 


OE Hold Time 


| toe ——s|_ OE to Output Delay 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


A0-A18 An An An xX An> 


Notes: For DATA Polling operations the states of A17 and A18 must be the same as they were for the byte or page write operation. 
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Ordering Information 


Icc (MA) ; 

Ordering Code Package Operation Range 
AT28MC040-15MC 32M2 Commercial 
AT28MC040-15ZC 32Z (0° to 70°C) 
AT28MC040-15MI a Industrial 
AT28MC040-15ZI a (-40° to 85°C) 
AT28MC040-15MM 32M2 Military 
AT28MC040-15ZM 32Z (-55°C to 125°C) 


AT28MC040-15MMB Military/883C 
Class B Components 
(-55°C to 125°C) 
Screened IAW M5004 
Military/883C 
Class B Components 
(-55°C to 125°C) 


AT28MC040-20MC 32M2 Commercial 
AT28MC040-20ZC 32Z (0° to 70°C) 
AT28MC040-20MI 32M2 Industrial 
AT28MC040-20ZI 322 (-40° to 85°C) 


AT28MC040-15ZMB 32Z 


AT28MC040-20MM 32M2 Military 
AT28MC040-20ZM 322 (-55°C to 125°C) 


AT28MC040-20MMB 


Military/883C 
Class B Components 
(-55°C to 125°C) 
AT28MC040-20ZMB Screened [AW M5004 
Military/883C 
Class B Components 
(-55°C to 125°C) 


AT28MC040-25MC 32M2 Commercial 
AT28MC040-25ZC 32Z (0° to 70°C) 
AT28MC040-25Ml 32M2 Industrial 
AT28MC040-25ZI a22 (-40° to 85°C) 
AT28MC040-25MM 32M2 Military 
AT28MC040-25ZM 32Z (-55°C to 125°C) 


AT28MC040-25MMB 32M2 Military/883C 
Class B Components 
(-55°C to 125°C) 
Screened IAW M5004 
Military/883C 
Class B Components 
(-55°C to 125°C) 


AT28MC040-25ZMB 


Package Type 


32 Lead, Non-Windowed, Ceramic Dual Inline 32D6 Compatible Flatpack Module (Module) 
32 Lead, Non-Windowed, Ceramic Dual Inline 32D6 Compatible Multi-Chip Module (MCM) 
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Using Atmel’s CMOS E7PROMs 


E*PROMs offer many features desired for 
present day memory systems. They are non- 
volatile, preserving data for years whether 
or not power is applied. They provide high 
density memory storage, with one-megabit 
devices now available. They offer high 
speed reads and can be re-written on a byte 
or page basis. 


Five-volt-only signals are used to operate 
the devices. When writing new data only the 
data bytes that are desired to be changed 
need be rewritten. No erasure steps are re- 
quired before rewriting any memory loca- 
tion. Since all of Atmel’s products are made 
with CMOS technology, the supply current 
required to operate Atmel E’PROMS is low. 
Other features such as DATA polling, inter- 
nal error correction and software data pro- 
tection make Atmel E7PROMs the correct 
solution for many memory systems. 


CMOS Versus NMOS 
E*PROMs 

CMOS is quickly becoming the dominant 
MOS technology. Many systems however, 
have been designed without the use of 
CMOS products, and therefore do not have 
the benefits of this advanced process tech- 
nology. The most obvious advantage of 


CMOS is in the power savings. Figure 1 
shows a_ comparison of a typical 64K 
NMOS E’PROM current specification ver- 
sus that of Atmel’s AT28C64. The power 
advantage of CMOS is quite clear. The 
power savings actually does more than just 
reduce the drain on the power supply. The 
low power consumption helps to keep sys- 
tem temperatures lower, reducing the need 
for cooling and allowing for greater packing 
density on boards. With less internally gen- 
erated heat, CMOS products can be more re- 
liable than their NMOS counterparts. 


The TTL and CMOS compatible inputs and 
outputs of Atmel’s CMOS E?PROMs offer 
additional advantages. The input stages con- 
sume no active power when the input volt- 
age is at ground or the positive supply level. 
Figure 2 shows the typical power consump- 
tion curve for an Atmel input stage versus 
input voltage. By using full CMOS input 
levels to the device, the active power con- 
sumption can be reduced below the speci- 
fied levels. 


The outputs of Atmel E’PROMSs drive to the 
full limits of the supply voltage. When driv- 
ing other CMOS input stages, this full swing 
drive capability can actually reduce the 
power consumed by other devices within 


Figure 1. Comparison of typical NMOS 64K EPROM current consumption to that of 


Atmel’s AT28C64. 


POWER 
SUPPLY 
CURRENT 


TYPICAL 
ACTIVE 


ATMEL 
NMOS 28C64 
ACTIVE 
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the system! Also, by driving to the high power supply limit, 
Atmel devices improve the noise margin of the high input level 
of the device they are driving as compared to typical NMOS 
devices which do not drive to the high supply level (Figure 3). 


Upgrading from NMOS to CMOS 

It is generally quite easy to upgrade a system using NMOS de- 
vices to use CMOS parts. In most cases, NMOS EPROM de- 
vices organized from 512 by 8 to 32K by 8 may be directly 
replaced by an Atmel CMOS device of the same density and 
pinout. No hardware or software changes need necessarily be 
made when upgrading the system. 


In some cases, power switching transistors have been used to 
power-down NMOS E 2PROMs while the rest of the system re- 
mains active. In such a state, the DATA lines of the NMOS 
EPROM do not load the DATA bus of the system. A CMOS 
device in such a configuration may show substantial input cur- 
rent through the DATA pins if the DATA bus is higher than the 
E*PROM’s power supply input. To permit CMOS devices to 
work properly in such a system, it is recommended that the 
switching transistor be removed from the power supply of the 
E “PROM. With the low power standby mode of Atmel’s 
E *PROMs, the power switching is not necessary. The low 
power consumption of the CMOS device will not adversely af- 
fect the system power consumption and there will be negligible 
input leakage at the E 2PROM DATA pins. Additionally, the 
power consumption of the E*PROM will be much lower when 
selected and, with the removal of the switching transistor, the 
number of devices in the system will be reduced. 


Figure 2. Typical power consumption curve for Atmel 
input stage versus input level. 
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Figure 3. High input voltage noise margin comparison of 
typical NMOS output to Atmel CMOS output. 
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Read Cycle ~ 

The E7PROM read cycle is controlled by the CE and OE sig- 
nals. When CE and OE are both low, data is read from the de- 
vice. The address inputs specify the memory location being 
read. The address and data lines are not latched during a read 
cycle; changing the address while CE and OE are low will result 
in the output of the device changing. If CE or OE is high, the 
Outputs are put in a high impedance state. This dual-line control 
allows for flexibility in avoiding bus line contention. There is no 
need for periodic refresh of the memory; E *PROMs retain their 
data whether or not power is applied. Addresses may be ran- 
domly selected; there are no restrictions on address lines. 


When CE is high, the internal power consumption of the device 
is greatly reduced; the device is said to be in the standby mode. 
The power reduction is achieved by turning off the internal cir- 
cuits of the device. When CE is returned low, the internal cir- 
Cuits are again powered on and a new read is performed. 


Atmel E7PROMs are designed to provide the fastest access 
times available among like devices. They therefore may have 
large transient current requirements. It is recommended that 
each device be carefully decoupled. A decoupling capacitor 
across the power and ground line as close to the device as pos- 
sible should be used. As with any high performance device, the 
integrity of the power and input signals can affect its operation 
in the system. Maintaining clean power and input signals will 
ensure the best performance of the device. 


CMOS E2PROM cummmmmmmnmnnnnennsnneneneees 


Byte Write Cycle 

Writing to Atmel E7PROMs has been designed to minimize the 
time that the system must spend in issuing commands to the 
memory device. The write cycle is controlled by OE, CE and 
WE. Initiating a write cycle is done with a short pulse on either 
the WE or CE input. With OE high and CE (or WE) low, the 
address to be written is latched on the falling edge of WE (or 
CE, whichever occurred last). The data to be written is latched 
on the rising edge of WE (or CE, whichever occurred first). The 
latching of the address and data inputs allows the address and 
data busses to be used to access other devices while the write is 
in pro DBTess. During its write cycle, data may not be read from 
the E*PROM (the device may however be polled to see if the 
write is completed). 


Internal to the E7PROM device, the write cycle can be divided 
into two steps. The first is to load the data into a temporary 
buffer; this operation can be done very quickly (measured in 
nanoseconds). The second step is to perform the nonvolatile 
storage. It takes considerably longer for this step (up to several 
milliseconds). After the nonvolatile storage is completed, a new 
read or write cycle may begin immediately. 


Page Write Cycle 

To improve the effective write time when large sections of the 
memory are being rewritten, some Atmel E 2PROMs provide a 
page write operation. The page write allows a group of bytes to 
be quickly loaded into the device’s temporary buffer and then 
simultaneously written to the nonvolatile storage elements. Fig- 
ure 4 is a pie chart showing the time needed for completely 
loading the temporary 64 byte page buffer of the AT28C256 as 
a portion of the write cycle time. Clearly, by utilizing the page 
write with minimum write load times, the write time can effec- 
tively be reduced by a factor approximately equal to the page 
width. 


Similar to the writing of a single byte, address location and data 
to be written are latched on the falling and rising edges of WE 
or CE. All bytes being written must have the same page address. 
The page address is determined by the higher order addresses 
and is specified in the data sheet of each particular device. The 
page address must be valid during each high to low transition of 
WE or CE. The OE input must be high whenever CE and WE 
are low. 


During write cycles, only the bytes that are specified to be writ- 
ten are altered; other bytes within the device are not rewritten or 
otherwise affected. A write cycle will only occur when re- 
quested; however, there may be conditions present during such 
times as power-up or power-down when a system might inad- 
vertently initiate a write cycle. Atmel devices include many fea- 
tures to help prevent inadvertent write cycles. Users of 
E?PROMs should become familiar with these features. 


Figure 4. Time to load 64 bytes to temporary buffer in 
AT28C256 as a portion of the write cycle time. 
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Additional Features 

Atmel E2PROMs include other features to help ensure reliabil- 
ity and to improve overall system performance. The internal 
error correction incorporated into Atmel’s E’PROMs protects 
against single bit data errors from appearing in the devices. The 
user does nothing to utilize the feature; whenever a write or read 
cycle is performed, parity generation or checking occurs inter- 
nally to the E 2PROM device to help ensure the integrity of the 
data. 


The inputs and outputs of Atmel devices contain circuitry to 
protect the device from electrostatic damage. Even though the 
devices do have this protection circuitry, it is strongly recom- 
mended that safe handling procedures be used with these de- 
vices. All equipment and personnel that may come in contact 
with the devices should be well grounded. Other features such 
as DATA polling, READY/BUSY outputs or toggle bit are 
available and may be employed by users as required by their 
particular application. 
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E*PROM Data Protection 


Advantages of E*PROMs 
E*PROMs provide the memory solution 
wherever reprogrammable, nonvolatile 
memory is required. They are easy to use, 
requiring little or no support hardware such 
as refresh clocks or batteries. Each memory 
location can be selectively changed without 
impact on any other location; blanket era- 
sure and rewriting of the entire device or a 
large section of it is not required. 


E?PROMs made at Atmel were designed to 
provide the best features available. Atmel 
E’PROMs provide high speed read access 
times so that many applications can use 
them without inserting costly wait states. 
The page mode write operation of Atmel 
E*PROMs allows for the fastest effective 
write time available in E7-PROM memories. 
Since all of Atmel’s devices are made in 
CMOS, they offer the benefits of low oper- 
ating and standby power. 


In order to take advantage of all of the ben- 
efits of Atmel E*PROMs, care must be 
taken to maintain the integrity of the data. 
While an E’PROM will retain its data for 
many years with or without power applied, 
improper operation of the device could re- 
sult in data being inadvertently rewritten. 


Figure 1. 


Vcc 
(VOLTS) 


5.0V 


WRITES WRITES 
PROHIBITED PROHIBITED 
BY Vcc BY DELAY 
LEVEL DETECT TIMER 


When is Data 


Susceptible to Corruption 
In the use of any memory device, it is ex- 
pected that the data stored in it is available 
as it is written. This is especially true of 
E*PROMS since their code often controls 
the operation of the system in which they 
are contained. Unlike most other memory 
et that are rewritten in systems, 
E*PROMS are often expected to retain their 
data for a period of many years, with or 
without power applied and during power 
transitions. For these reasons, added atten- 
tion is given to avoid corrupting data in 
E*PROMs. 


There are a number of situations in which 
data is particularly prone to corruption. 
These situations include powering on and 
off of the devices, noise spikes on the con- 
trol lines and system glitches. Atmel 
E*PROMs include features to help protect 
against each of these potential sources of 
inadvertent writes. Atmel data protection 
features are broken down into two different 
types: hardware data protection features 
and software data protection features. 
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Atmel Hardware Data Protection Features 
Atmel E7PROMs include four different types of hardware data 
protection. These features provide protection against most inad- 
vertent writes that might occur in a system. Atmel hardware 
data protection features include: three line write control, power 
level sense detector, power on delay timer and noise filters on 
CE and WE. 


THREE-LINE WRITE CONTROL: In order to write a device 
the OE signal must be high with the CE and WE signals low. 
Holding any of the three lines in the opposite state will prohibit 
a write cycle. For example, whenever the OE signal is low, a 
write to the device cannot be started. 


POWER LEVEL SENSE DETECTOR: An active circuit in 
Atmel E2PROMs monitors the level of the supply voltage to the 
device. If the supply is below 3.8 volts, typical, write cycles to 
the devices can not be activated. 


POWER ON DELAY TIMER: As power is applied to Atmel 
E?PROMs, the power level sense detector will issue an internal 
signal that indicates that the supply is above the sense level. At 
this time an internal timer is initiated that times out in typically 
5 ms. During this time period, writes to the device cannot be 
performed. This delay period serves two purposes. First, it al- 
lows the supply level additional time to rise to within the stan- 
dard operating region before writes are permitted. Secondly, it 
lets the system stabilize and present the correct levels to the 
control pins of the EPROM so that the E7PROM doesn’t react 
to its inputs before they are actually valid. Figure 1 shows the 
combined action of the power supply level detector and the 
delay timer upon writes to the device. 


NOISE FILTERS ON WE AND CE: If brief noise pulses 
below Vin occur on the WE or CE inputs to the device, a write 
cycle will not be initiated. Internal to the E°PROM, a noise fil- 


Figure 2. 
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ter does not allow the short pulses to activate a write cycle. As 
shown in Figure 2, write pulses of sufficient length will still 
initiate writes but short noise spikes on the WE or CE control 
lines will not. 


Atmel Software Data Protection Feature 
Available on some Atmel E*PROMS is a user selectable feature 
that requires a software sequence at the beginning of each write 
cycle in order for a write to be performed. To enable the soft- 
ware data protection feature, a series of three-write commands 
to specific addresses with specific data must be performed. 
Once set, the same three-byte code must begin each write re- 
quest. (A separate write cycle to enable the software feature is 
not necessary; after any write that is preceded with the three 
byte code, the software data protection function will be enabled, 
see Figure 3.) The feature may be disabled by issuing a six-byte 
code to the device as shown in Figure 4. After being set, the 
software data protection feature remains active until its disable 
command is issued. Power transitions will not reset the software 
data protection feature, but the feature will prevent against in- 
advertent writes during power transitions. 


The software data protection feature protects data against vari- 
ous Causes of inadvertent writes. Since it is active during power 
transitions it protects data when powering on or off the device. 
Noise spikes that occur on the control lines will be ignored since 
they will not show the correct address and data needed to start 
a write cycle. Even for system malfunctions, such as when write 
pulses of adequate length are given to the device, the software 
feature can prevent the corruption of the data in the E*PROM. 
The address locations used for the software code are not sacri- 
ficed from the usable memory array. The device recognizes the 
software code and does not alter the data stored at the address 
locations of the code. Byte locations of code are still usable, and 
don’t have to be rewritten. 
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System Design Considerations 

Designing systems with data integrity in mind can greatly re- 
duce the chance of lost data. The amount of attention needed 
depends upon the nature of the design. Following are a few 
areas that might need special attention in certain designs. 


External Power On Protection 

Many systems will have a PON (power on) signal to control the 
operation of the system. Such a signal can be gated with the 
logic creating the OE signal to the E 2PROM, holding OE low 
when the PON signal is false. Similarly, a PON-type signal 
could be gated with the WE or CE logic, forcing WE or CE high 
when writes should not be allowed. 


If the system does not include a PON-type signal, one can be 
created from various programmable voltage reference devices. 
With such a device, the user can select the voltage supply level 
below which the device cannot be written. It should be noted 
that in many systems, using Atmel’s E?PROMS with their inter- 
nal power level detection and power delay timer, no additional 
power on circuitry is required for the device. 


Multiple Power Supplies 
In systems that utilize more than one power supply, extra care 
must be taken during power transitions to both the E*PROM 


Figure 3. 


c.f se 


and the devices controlling the inputs to the EPROM. Power 
on rates of the different supplies are likely to vary. Using pro- 
grammable voltage reference devices to detect the power level 
of both supplies and forcing the OE pin low when either line is 
below the desired level may be used in such situations to avoid 
inadvertent writes. 


Memory Cards 

Since memory cards are often pushed into and pulled out of 
systems that are already powered on, they have additional 
chances of inadvertent writes. If the edge connector is arranged 
such that power and control lines are not asserted in a prescribed 
manner, false writes to the device may occasionally occur de- 
pending upon how the card is inserted. To provide proper power 
on sequencing, a card could be designed with its control pins 
recessed from the edge of the card. Resistors would be placed 
on the card to connect CE and WE to Vcc and OE to ground. 
This arrangement insures that power is first applied to the de- 
vice and that the control pins are not in the write state until each 
pin is being controlled by the host system. Variations of this 
technique may be used effectively in different systems; the 
basic idea is to guarantee systematic application of the power 
and control pins such that a write state is not entered upon inser- 
tion or removal of the card from the host. 
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Section 3 

CMOS PEROMs (Flash) 
AT29C256 32K x 8 
AT29LV256 32K x 8 
AT29C257 32K x 8 
AT29C512 64K x 8 
AT29LV512 64K x 8 
AT29C010 128K x 8 
AT29LV010 128K x 8 
AT29C040 512K x 8 
AT29LV040 512K x 8 


256K, 5-Volt Reprogrammable ROM .............c00006 3-3 

256K, 3-Volt Reprogrammable ROM ................006 3-17 
256K, 5-Volt Reprogrammable ROM .................0 3-27 
512K, 5-Volt Reprogrammable ROM .................6. 3-39 
512K, 3-Volt Reprogrammable ROM ..................45 3-53 
1-Mbit, 5-Volt Reprogrammable ROM.................+. 3-63 
1-Mbit, 3-Volt Reprogrammable ROM................... 3-77 
4-Mbit, 5-Volt Reprogrammable ROM................... 3-87 
4-Mbit, 3-Volt Reprogrammable ROM................... 3-89 
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Features 


e Fast Read Access Time - 90 ns 
e Five-Volt-Only Reprogramming 
e Page Program Operation 
Single Cycle Reprogram (Erase and Program) 
Internal Address and Data Latches for 64 Bytes 
e Fast Program Cycle Times 
Page (64 Byte) Program Time - 10 ms 
Chip Erase Time - 10 ms 
e Internal Program Control Timer 256K (32K x 8) 
e Low Power Dissipation 
80 mA Active Current 5-Volt Only 
300 nA CMOS Standby Current 
e Hardware and Software Data Protection CMOS 
e DATA Polling for End of Program Detection 
e High Reliability CMOS Technology 
1000 Erase/Program Cycles 
10-Year Data Retention 
Single 5 V + 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
Full Military, Commercial, and Industrial Temperature Ranges 


PEROM 


Description 


The AT29C256 is a five-volt-only in-system Programmable and Erasable Read Only Memory 
(PEROM). Its 256K of memory is organized as 32,768 words by 8 bits. Manufactured with 
Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 90 ns with 
power dissipation of just 440 mW. When the device is deselected, the CMOS standby current 


is less than 300 pA. continued on next page 
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Description (Continued) 

To allow for simple in-system reprogrammability, the 
AT29C256 does not require high input voltages for program- 
ming. Five-volt-only commands determine the operation of the 
device. Reading data out of the device is similar to reading from 
a static RAM. Reprogramming the AT29C256 is performed on 
a page basis; 64 bytes of data are loaded into the device and then 
simultaneously programmed. The contents of the entire device 
may be erased by using a six-byte software code (although era- 
sure before programming is not needed). 


Block Diagram 


VCC —» 
GND ——»> 


OE OE, CE AND WE 
WE LOGIC 
CE 


ADDRESS 
INPUTS 


Device Operation 


READ: The AT29C256 is accessed like a static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
Outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


BYTE LOAD: _A byte load is performed by applying a low 
pulse on the WE or CE input with CE or WE low (respectively) 
and OE high. The address is latched on the falling edge of CE or 
WE, whichever occurs last. The data is latched by the first rising 
edge of CE or WE. Byte loads are used to enter the 64 bytes of 
a page to be programmed or the software codes for data protec- 
tion and chip erasure. 


PROGRAM: The device is reprogrammed on a page basis. If 
a byte of data within a page is to be changed, data for the entire 
page must be loaded into the device. Any byte that is not loaded 
during the programming of its page will be erased to read FFh. 
Once the bytes of a page are loaded into the device, they are 
simultaneously programmed during the internal programming 
period. After the first data byte has been loaded into the device, 
successive bytes are entered in the same manner. Each new byte 
to be programmed must have its high to low transition on WE 
(or CE) within 150 ps of the low to high transition of WE (or 
CE) of the preceding byte. If a high to low transition is not de- 
tected within 150 us of the last low to high transition, the load 
period will end and the internal programming period will start. 
A6 to Al4 specify the page address. The page address must be 
valid during each high to low transition of WE (or CE). AO to 


Y DECODER 


X DECODER 


During a reprogram cycle, the address locations and 64 bytes of 
data are internally latched, freeing the address and data bus for 
other operations. Following the initiation of a program cycle, 
the device will automatically erase the page and then program 
the latched data using an internal control timer. The end of a 
program cycle can be detected by DATA polling of 1/07. Once 
the end of a program cycle has been detected a new access for a 
read, program or chip erase can begin. 


DATA INPUTS/OUTPUTS 
/O0 - /O7 


- DATA LATCH 
INPUT/OUTPUT 
BUFFERS 


Y-GATING 


CELL MATRIX 


AS specify the byte address within the page. The bytes may be 
loaded in any order; sequential loading is not required. 


SOFTWARE DATA PROTECTION: A software controlled 
data protection feature is available on the AT29C256. Once the 
software protection is enabled a software algorithm must be is- 
sued to the device before a program may be performed. The 
software protection feature may be enabled or disabled by the 
user; when shipped from Atmel, the software data protection 
feature is disabled. To enable the software data protection, a se- 
ries of three program commands to specific addresses with spe- 
cific data must be performed. After the software data protection 
is enabled the same three program commands must begin each 
program cycle in order for the programs to occur. All software 
program commands must obey the page program timing speci- 
fications. Once set, the software data protection feature remains 
active unless its disable command is issued. Power transitions 
will not reset the software data protection feature, however the 
software feature will guard against inadvertent program cycles 
during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, a read operation will effectively be a polling opera- 
tion. 


After the software data protection’s three-byte command code is 

given, a byte load is performed by applying a low pulse on the 

WE or CE input with CE or WE low (respectively) and OE high. 
continued on next page 
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Device Operation (Continued) 

The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 


The 64 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously programmed during the internal 
programming period. After the first data byte has been loaded 
into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed must have its high to low 
transition on WE (or CE) within 150 us of the low to high tran- 
sition of WE (or CE) of the preceding byte. If a high to low 
transition is not detected within 150 ps of the last low to high 
transition, the load period will end and the internal program- 
ming period will start. A6 to Al4 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to AS specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 

HARDWARE DATA PROTECTION: Hardware features 
protect against inadvertent programs to the AT29C256 in the 
following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi- 
cal), the program function is inhibited. (b) Vcc power on 
delay— once Vcc has reached the Vcc sense level, the device 
will automatically time out 5 ms (typical) before programming. 
(c) Program inhibit— holding any one of OE low, CE high or 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 
-0.6 V to +6.25 V 


with Respect to Ground 


All Output Voltages 
with Respect to Ground 


Voltage on OE 
with Respect to Ground 


-0.6 V to Vcc +0.6 V 


-0.6 V to +13.5 V 


Pin Capacitance (f= 1 MHz, T = 25°C)” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
4 6 pF VIN =0V 
8 12 pF Vout = 0 V 


WE high inhibits program cycles. (d) Noise filter— pulses of 
less than 15 ns (typical) on the WE or CE inputs will not initiate 
a program cycle. 

PRODUCT IDENTIFICATION: The product identification 
mode identifies the device and manufacturer and may be ac- 
cessed by a hardware operation. For details, see Operating 
Modes or Product Identification. 


DATA POLLING: The AT29C256 features DATA polling to 
indicate the end of a program cycle. During a program cycle an 
attempted read of the last byte loaded will result in the comple- 
ment of the loaded data on I/O7. Once the program cycle has 
been completed, true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 

TOGGLE BIT: In addition to DATA polling the AT29C256 
provides another method for determining the end of a program 
or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in I/O6 toggling 
between one and zero. Once the program cycle has completed, 
1/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 
OPTIONAL CHIP ERASE MODES: The entire device may 
be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atmel. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


AIMEL 35 


D.C. and A.C. Operating Range 
AT29C256-90 AT29C256-12 AT29C256-15 AT29C256-20 AT29C256-25 


Operating 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C 
Temperature Ind. -40°C-85°C  -40°C - 85°C —_ -40°C - 85°C_~—s - 40°C - 85°C 
vase) -5B°C - 125°C -55°C - 125°C -55°C - 125°C —-55°C - 125°C 


Vcc Power Supply 5 V+ 10% 5 V+ 10% 5 V+ 10% 5V+10% 5V+10% 


Operating Modes 


Standby/Write Inhibit ViH x!) ¥ X High Z 


VIL 


High Voltage Chip Erase Vy ®) VIL X High Z 


A1-A14 = Vi_, A9 = Vu, 
AO = Vit 


Manufacturer Code!) 


Product Identification VIL VIL VIH 


A1-A14 = ViL, AQ = Vu, (4) 
AO = Vin Device Code 
Notes: 1. X can be Vy or Vim. 3. Va= 120 Vt OSV. 
2. Refer to A.C. Programming Waveforms. 4. Manufacturer Code: 1F, Device Code: DC 


D.C. Characteristics 


IH 
L 


< 


V 
Input High Voltage 2.0 

Output Low Voltage lol = 2.1 mA 45 

Output High Voltage lOH = -400 LA 2.4 


Output High Voltage CMOS loH = -100 pA; Voc = 4.5 V 4.2 


<|<|< 
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A.C. Read Characteristics 
AT29C256- | AT29C256- | AT29C256- | AT29C256- | AT29C256- 
a pean a aie Ha 
Symbol | Parameter 


ie eee 
to cet Outen Doty _{ __oo | _sag {| _sso| _aoo| _250| mw 
{oe Ee Supa Delay __|_9 2+ os 70 | 0 80 
040 50 


Output Hold from OE, 
tOH CE or Address, 
whichever occurred first 


OUTPUT 
gee woth, tess 
1. CE may be delayed up to tacc - tcg after the address transition 3. tpF is specified from OE or CE whichever occurs first 
without impact on tacc. (CL = SpF). 
2. OE may be delayed up to tcx - tog after the falling edge 4. This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5.0V 
3.0V 1.8 
AC AC OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS 
ane LEVEL 1.3K T 100pF 
tr, tk<Sns 
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A.C. Byte Load Characteristics 


| tastors | Address,OESetupTime ts 
| tay | AddressHoldTime 0s 
|tcs | ChipSelectSetupTime =O ts 
| tcH | ChipSelectHoldTime os 
i 50 ns 

i 0 ns 

10 ms 


its | Data Set-up Time 
| tpu.toeH | Data, OE Hold Time 
Write Cycle Time 


twc 


A.C. Byte Load Waveforms- WE Controlled 


OE 
tOEH 
ADDRESS >< | OK CY 
tAS 
— tCS - 
WE CKY 
tWPH 


tWP. 


tDS tDH 
DATA IN ee mernenen 


A.C. Byte Load Waveforms- CE Controlled 
OE 


tOEH 
A GD = Sa 
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Program Cycle Characteristics 
Symbol Parameter Min Max Units 
10 


twc Write Cycle Time ms 
Address Set-up Time 0 ns 
Address Hold Time 


Data Set-up Time 


tDH Data Hold Time 


Write Pulse Width 


Byte Load Cycle Time 


Write Pulse Width High 


Program Cycle Waveforms 
aE 2 
eo V\S\VS\S\I NSN 
——- ~ WP) tWPH | a ya 
a jas 


tDH r— 
_ (oe 
IED 
— 


A6-A14 ADDR 
—< Z 4 Z 
DATA LD , an ernss 
BYTE 0 BYTE 1 BYTE 2 BYTE 62 BYTE 63 
K— two 


Notes: A6 through A14 must specify the page address during each high to 
low transition of WE (or CE). 
OE must be high when WE and CE are both low. 
All bytes that are not loaded within the page being programmed 
will be erased to FF. 
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Software Data 
Protection Enable Algorithm °” 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 
TO 
ADDRESS 5555 


WRITES ENABLED @) 


LOAD DATA 
TO ) 


(4) | ENTER DATA 
PAGE (64 BYTES) 


PROTECT STATE 


Notes for software program code: 
1. Data Format: I/O7 - I/O0 (Hex); 
Address Format: A14 - AO (Hex). 
. Data Protect state will be activated at end of program cycle. 


2 
3. Data Protect state will be deactivated at end of program period. 
4 


. 64 bytes of data must be loaded. 


Software Data ‘a 
Protection Disable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 80 
TO 
ADDRESS 5555 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 20 
TO 
ADDRESS 5555 EXIT DATA 
PROTECT STATE 
LOAD DATA 
TO 4 
PAGE (64 BYTES) 


) 


Software Protected Program Cycle Waveform 


_ ) 
OE J —_ 
ce \L/\/S/\/SJ\/°~\/\/ 
__ WA __tWPH BLCy om 
nS NA ut Le } | 
A0-A5 Peereen BYTE ADDRESS 7 
5555 
a —————— ey 
neais XK XK | Xena noone 
tDS 
DATA a nh a aie 
BYTE 0 BYTE 62 BYTE 63 
K— twCc-—e 


Notes: 


1. A6 through A14 must specify the page address during each high to low transition of WE (or CE) 


after the software code has been entered. 
2. OE must be high when WE and CE are both low. 


3. All bytes that are not loaded within the page being programmed will be erased to FF. 
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Data Polling Characteristics” 


Symbol Parameter 
Data Hold Time 


OE Hold Time 
OE to Output Delay 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE i 
CE FY N 
awae 
1/07 - a a 


Toggle Bit Characteristics’” 
Symbol Parameter Min Typ Max Units 


Data Hold Time 0 ns 
OE Hold Time 10 ns 
htop OE to Output Delay 100 ns 
OE High Pulse 150 ns 
Write Recovery Time 0 ns 


Note: 1. These parameters are characterized and not 100% tested. 


Toggle Bit Waveforms 


beeen] tOEH 
OE \ / \ 


tDH tOE 


a 
1/06 tWR 


Notes: 


1. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of [/06 will vary. 
3. Any address location may be used but the address should not vary. 
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Software Product s Software Product 


(1) 


Identification Entry Identification Exit 


LOAD DATA AA LOAD DATA AA 
TO TO 
ADDRESS 5555 ADDRESS 5555 


LOAD DATA 55 LOAD DATA 55 
TO TO 
ADDRESS 2AAA ADDRESS 2AAA 


LOAD DATA 90 LOAD DATA FO 
TO TO 
ADDRESS 5555 ADDRESS 5555 
IDENTIFICATION IDENTIFICATION 
MopE °:) MODE (4) 


Notes for software product identification: 
1. Data Format: 1/07 - I/O0 (Hex); 
Address Format: Al14 - AO (Hex). 
2. Al-Al4=Vyjy,. 
Manufacture Code is read for AO = Vi; 
Device Code is read for AO = Vin. 
3. The device does not remain in identification mode if 
powered down. 
4. The device returns to standard operation mode. 
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NORMALIZED SUPPLY CURRENT vs. 
TEMPERATURE 


Temperature (C) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


Frequency (MHz) 
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NORMALIZED SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


3-13 


Ordering Information 


tacc Icc (mA) 
ns) Standby 


Ordering Code Operation Range 


AT29C256-90DC 28D6 Commercial 
AT29C256-90JC (0° to 70°C) 
AT29C256-90PC 


AT29C256-12DC 
AT29C256-12JC 
AT29C256-12LC 
AT29C256-12PC 


AT29C256-12DI 
AT29C256-12Jl 
AT29C256-12LI 
AT29C256-12PI 


AT29C256-12DM 28D6 Military 
AT29C256-12LM 32L (-55°C to 125°C) 


AT29C256-12DM/883 28D6 Military/883C 
AT29C256-12LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 


AT29C256-15DC Commercial 
AT29C256-15JC (0° to 70°C) 
AT29C256-15LC 
AT29C256-15PC 


AT29C256-15DI 
AT29C256-15ul 
AT29C256-15LI 
AT29C256-15PI 


AT29C256-15DM 28D6 Military 
AT29C256-15LM 32L (-55°C to 125°C) 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Industrial 
(-40° to 85°C) 


AT29C256-15DM/883 28D6 Military/883C 
AT29C256-15LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 


AT29C256-20DC 
AT29C256-20JC 
AT29C256-20LC 
AT29C256-20PC 


AT29C256-20DI Industrial 
AT29C256-20JI (-40° to 85°C) 
AT29C256-20LI 
AT29C256-20PI 


AT29C256-20DM 28D6 Military 
AT29C256-20LM 32L (-55°C to 125°C) 
AT29C256-20DM/883 28D6 Military/883C 
AT29C256-20LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0° to 70°C) 


Commercial 
(0° to 70°C) 


AT29C256-25DC 
AT29C256-25JC 
AT29C256-25LC 
AT29C256-25PC 
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Ordering Information 


AT29C256 
(ns) 


Ordering Code Package j 
on 


0.3 AT29C256-25DI Industrial 
AT29C256-25JI (-40° to 85°C) 
AT29C256-25LI 
AT29C256-25PI 
AT29C256-25DM 28D6 Military 
AT29C256-25LM 32L (-55°C to 125°C) 
AT29C256-25DM/883 28D6 Military/883C 
AT29C256-25LM/883 Class B, Fully Compliant 


(-55°C to 125°C) 


tacc 
(ns) ; — Ordering Code Package Operation Range 


120 0.3 AT29C256-12TC 28T Commercial 
(0° to 70°C) 

0.3 AT29C256-15TC 28T Commercial 

(0° to 70°C) 


28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
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Features 


e Single 3.3V+ 10% Supply 
e Three-Volit-Only Read and Write Operation 
e Software Protected Programming 
e Low Power Dissipation 
15 mA Active Current 
20 ,.A CMOS Standby Current 
Fast Read Access Time - 200 ns 
Sector Program Operation 
Single Cycle Reprogram (Erase and Program) 
512 Sectors (64 bytes/sector) 
internal Address and Data Latches for 64 Bytes 
Fast Sector Program Cycle Time - 20 ms Max. 
Internal Program Control and Timer 
DATA Polling for End of Program Detection 
High Reliability CMOS Technology 
1000 Program Cycles per Sector 
10-Year Data Retention 
CMOS and TTL Compatible Inputs and Outputs 
e Commercial and Industrial Temperature Ranges 


Description 


The AT29LV256 is a three-volt-only in-system Programmable Erasable Read.QOnly 
(PEROM). Its 256K of memory is organized as 32,768 words by 8 bits. Mant 
Atmel’s advanced nonvolatile CMOS technology, the device offers acgéss ti 
with power dissipation of just 54 mW over the commercial temper 
device is deselected, the CMOS standby current is less than 20 LA 


Pin Configurations 


JOE | OutputEnable 


No Connect 


TSOP Top View 
Type 1 


AS 
A4 
A3 
A2 
Al 
AO 
NC 

VOO ~ 13 21 

14151617181920 

W's 12 NC3 45 

GND 


Note: PLCC package pins 1 and 
17 are DON’T CONNECT. 
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Description (Continued) 

To allow for simple in-system reprogrammability, the 
AT29LV256 does not require high input voltages for program- 
ming. Three-volt-only commands determine the operation of 
the device. Reading data out of the device is similar to reading 
from an EPROM. Reprogramming the AT29LV256 is per- 
formed on a sector basis; 64 bytes of data are loaded into the 
device and then simultaneously programmed. 


During a reprogram cycle, the address locations and 64 bytes of 
data are captured at microprocessor speed and internally 


Block Diagram 


VCC .—» 
GND —» 


OE 
WE 
CE 


ADDRESS 
INPUTS 


Device Operation 


READ: The AT29LV256 is accessed like an EPROM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


SOFTWARE DATA PROTECTION PROGRAMMING: The 
AT29LV256 has 512 individual sectors, each 64 bytes. Using 
the software data protection feature, byte loads are used to enter 
the 64 bytes of a sector to be programmed. The AT29LV256 can 
only be programmed or reprogrammed using the software data 
protection feature. The device is programmed on a sector basis. 
If a byte of data within the sector is to be changed, data for the 
entire 64-byte sector must be loaded into the device. The 
AT29LV256 automatically does a sector erase prior to loading 
the data into the sector. An erase command is not required. 


Software data protection protects the device from inadvertent 
programming. A series of three program commands to specific 
addresses with specific data must be presented to the device be- 
fore programming may occur. The same three program com- 
mands must begin each program operation. All software pro- 
gram commands must obey the sector program timing specifica- 


latched, freeing the address and data bus for other operations. 
Following the initiation of a program cycle, the device will au- 
tomatically erase the sector and then program the latched data 
using an internal control timer. The end of a program cycle can 
be detected by DATA polling of 1/07. Once the end of a pro- 
gram cycle has been detected, a new access for a read or pro- 
gram can begin. 


DATA INPUTS/OUTPUTS 
1/00 - VO7 


DATA LATCH 


Y DECODER 


X DECODER 


tions. Power transitions will not reset the software data protec- 
tion feature, however the software feature will guard against in- 
advertent program cycles during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, a read operation will effectively be a polling opera- 
tion. 


After the software data protection’s three-byte command code is 
given, a byte load is performed by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) and OE high. 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 


The 64 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously programmed during the internal 
programming period. After the first data byte has been loaded 
continued on next page 
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Device Operation (Continued) 

into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed must have its high to low 
transition on WE (or CE) within 150 us of the low to high tran- 
sition of WE (or CE) of the preceding byte. If a high to low 
transition is not detected within 150 ps of the last low to high 
transition, the load period will end and the internal program- 
ming period will start. A6 to Al4 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to AS specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE DATA PROTECTION: Hardware features 
protect against inadvertent programs to the AT29LV256 in the 
following ways: (a) Vcc sense— if Vcc is below 1.8 V (typi- 
cal), the program function is inhibited. (b) Vcc power on 
delay— once Vcc has reached the Vcc sense level, the device 
will automatically time out 10 ms (typical) before program- 
ming. (c) Program inhibit— holding any one of OE low, CE 
high or WE high inhibits program cycles. (d) Noise filter— 
pulses of less than 15 ns (typical) on the WE or CE inputs will 
not initiate a program cycle. 

INPUT LEVELS: While operating with a 3.3 V +10% power 
supply, the address inputs and control inputs (OE, CE and WE) 
may be driven from 0 to 5.5 V without adversely affecting the 
operation of the device. The I/O lines can only be driven from 0 
to 3.6 volts. 


PRODUCT IDENTIFICATION: The product identification 
mode identifies the device and manufacturer as Atmel. It may be 
accessed by hardware or software operation. The hardware op- 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 


Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 


with Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on AQ 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +13.5 V 


Pin Capacitance (f= 1 MHz, T = 25°C) “ 


eration mode can be used by an external programmer to identify 
the correct programming algorithm for the Atmel product. In 
addition, users may wish to use the software product identifica- 
tion mode to identify the part (i.e. using the device code), and 
have the system software use the appropriate sector size for pro- 
gram operations. In this manner, the user can have a common 
board design for 256K to 4-megabit densities and, with each 
density’s sector size ina memory map, have the system software 
apply the appropriate sector size. 


For details, see Operating Modes (for hardware operation) or 
Software Product Identification. The manufacturer and device 
code is the same for both modes. 


DATA POLLING: The AT29LV256 features DATA polling 
to indicate the end of a program cycle. During a program cycle 
an attempted read of the last byte loaded will result in the com- 
plement of the loaded data on I/O7. Once the program cycle has 
been completed, true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 

TOGGLE BIT: Inaddition to DATA polling the AT29LV256 
provides another method for determining the end of a program 
or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in I/O6 toggling 
between one and zero. Once the program cycle has completed, 
1/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 
OPTIONAL CHIP ERASE MODES: The entire device may 
be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atmel. 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Conditions 


Vin=0OV 


Note: 1. These parameters are characterized and not 100% tested. 
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D.C. and A.C. Operating Range 


AT29LV256-20 AT29LV256-25 
Operating Com. 0°C - 70°C 0°C - 70°C 
Temperature (Case) —_— nd. -40°C - 85°C -40°C - 85°C 


Vcc Power Supply 


3.3V+0.3V 3.3V+0.3V 


Operating Modes 
Mode CE OE WE Ai Ie) 
Vi Vit Vil Ai Dout 
Program?) VIL ViH VIL Ai DIN 
Standby/Write Inhibit VIH x") x ¥ High Z 
Program Inhibit X X VIH 
Program Inhibit X VIL X 
Output Disable X VIH X High Z 
a — Vy ©) 
ee = ills vn vic Manufacturer Code™) 
Product Identification = it 
siete wie va VH Device Code™) 
Notes: 1. X can be Vy or Vin. 3. Va= 120 V x05 V. 
2. Refer to A.C. Programming Waveforms. 4. Manufacturer Code: 1F, Device Code: BC. 
D.C. Characteristics 
Symbol Parameter Condition Min Max Units 


IL Input Load Current Vin = 0 Vto Vcc 1 
ILO Output Leakage Current Vivo = 0 V to Vcc 1 pA 
Com. 20 pA 


Vcc Standby Current CMOS CE = Vcc - 0.3 V to Vcc me 


% 


icc 

Vit 

VIH Input High Voltage 2.0 V 

VOL Output Low Voltage loL = 1.6 mA; Vcc = 3.0 V 45 V 
Output High Voltage loH = -100 WA; Voc = 3.0V 2.4 V 
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A.C. Read Characteristics 


ymbol Parameter pMin Max | Min Max 
[tacc__|AddresstoOutput Delay | 00] 8s 
toe [CEto Output Delay | 8s 
toe |OEtoOutputDelay | 00 || Otis 

® [ce poo 5 ts 


” 


CE 
toe 
(3,4) OE 
E or OE to Output Float 
toH 


Output Hold from OE, CE or Address, 
whichever occurred first 


A.C. Read Waveforms 
ADDRESS 


ADDRESS VALID 


OUTPUT 


Notes: 

1. CE may be delayed up to tacc - tcg after the address transition 3. tpg is specified from OE or CE whichever occurs first 
without impact on tacc. (CL =5 pF). 

2. OE may be delayed up to tc - tok after the falling edge 4. This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 3.3V 
2.4V 1.8 
AC AC OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
EVELS 
LEVEL wate LEVEL 1.3K T 100pF 
tR, tk<5 ns 
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Program Cycle Characteristics 


Symbol Parameter 
Write Cycle Time 
Address Set-up Time 
Address Hold Time 


Data Hold Time 
Write Pulse Width 
tBLC Byte Load Cycle Time 


/ tweH | Write Pulse Width High 


ts Data Set-up Time 


Software Protected Byte Load Waveform 


— DT 
OF ee eas — 
e (US (VS VS VIVIAN 


ee eel la 
A0-AS Meet a SVTE DURES x a 
( 


i ——— Aa 
AG-A14 a Ge Gs pe 
DATA 7. a ae eee a eee 
BYTE 0 BYTE 62 BYTE 63 
e— two 
Notes: ——— 
1. OE must be high when WE and CE are both low. 3. All bytes that are not loaded within the sector being pro- 
2. A6 through A14 must specify the sector address during each grammed will be erased to FF. 
high to low transition of WE (or CE) after the software code 
has been entered. 


Software Data Protection Write Algorithm “” 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 


TO 
ADDRESS 5555 WRITES ENABLED (2) Notes for software program code: 
1. Data Format: I/O7-I/O0 (Hex); 
= Address Format: A14—A0 (Hex). 
(3) | ENTER DATA 2. Data Protect state will be re-activated at end of program cycle. 
SECTOR (64 BYTES) PROTECT STATE 3. 64 bytes of data MUST BE loaded. : ” 
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A.C. Byte Load Characteristics 
Symbol Parameter Min Max Units 


Address, OE Set-up Time 10 ns 


Address Hold Time 100 ns 


h tes Chip Select Set-up Time 0 ns 
tons | Chip Select Hold Time 0 ns 


t 
t Write Pulse Width (WE or CE) 200 ns 
t 


tAH 

oS 
tCH 

WP 

= 
twc 


Data, OE Hold Time 10 ns 
P two Write Cycle Time 20 ms 


A.C. Byte Load Waveforms During Software Protection °” 


WE Controlled 
OE 


ADDRESS >t | OK 
tAS 


tWPH 
tWP 
tDS tDH 
DATA IN SY 
CE Controlled 
OE 
tOEH 


GE Cx 


tWPH 
tWP. 


tDS tDH 
DATA IN ered 
Notes: 


1. The software data protection commands must be applied prior 2. A complete sector (64 bytes) should be loaded using these 
to byte loads. waveforms as shown in the Software Protected Byte Load 
waveforms (see previous page). 
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Parameter 

Data Hold Time 

OE Hold Time 

OE to Output Delay 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE ae co 
CE Lr, 0 of Th 

OE VV 
07 - al 


Symbol Parameter 
Data Hold Time 
OE Hold Time 


OE High Pulse 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


toe -—s|.-« OE to Output Delay 


(1,3) 


Toggle Bit Waveforms 


—- tOEH 
OE \ / \ 


tOE 
105 ® =e HIGH Z 
tWR 
Notes: ee __ _ 
1. Toggling either OE or CE or both OE and CE will operate 2. Beginning and ending state of I/O6 will vary. 
toggle bit. 3. Any address location may be used but the address should not vary. 
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Software Product * 
Identification Entry 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 90 
TO 
ADDRESS 5555 


PAUSE 20 mS ENTER PRODUCT 
IDENTIFIGATION 
(2,3) 


MODE *”” 


Notes for software product identification: 
1. Data Format: I/O7 - I/O0 (Hex); 
Address Format: A14 - AO (Hex). 
2. Al-Al4= Vy. 
Manufacture Code is read for AO = Viz; 
Device Code is read for AO = Vin. 
3. The device does not remain in identification mode if 
powered down. 
4. The device returns to standard operation mode. 


Software Product 


Identification Exit ‘” 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA FO 
TO 
ADDRESS 5555 


PAUSE 20 mS 


EXIT PRODUCT 
arp Fa 
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Ordering Information 


tacc Icc (mA) 
“= Standby 


Ordering Code Operation Range 


AT29LV256-20DC 28D6 Commercial 
AT29LV256-20JC (0° to 70°C) 
AT29LV256-20PC 


AT29LV256-20DI 
AT29LV256-20JI 
AT29LV256-20PI 


AT29LV256-25DC 
AT29LV256-25JC 
AT29LV256-25PC 


AT29LV256-25DI 
AT29LV256-25JI 
AT29LV256-25PI 


tacc Icc (MA) ; 
Ordering Code Package Operation Range 
AT29LV256-20TC Commercial 
(0° to 70°C) 
AT29LV256-25TC Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
[32s | S2Lead, Plastic Leaded ChipCarier PLCC) 
| 28T | 28 Lead, Thin Small Outline Package (TSOP) 
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Features 


Fast Read Access Time - 90 ns 
e Five-Volt-Only Reprogramming 
e Page Program Operation 

Single Cycle Reprogram (Erase and Program) 

internal Address and Data Latches for 64 Bytes 
e Fast Program Cycle Times 

Page (64 Byte) Program Time - 10 ms 

Chip Erase Time - 10 ms 
e Internal Program Control Timer 
e Low Power Dissipation 

80 mA Active Current 

300 1A CMOS Standby Current 
e Hardware and Software Data Protection 
e DATA Polling for End of Program Detection 
e High Reliability CMOS Technology 

1000 Erase/Program Cycles 
10 Year Data Retention 

Single 5 V + 10% Supply 
CMOS and TTL Compatible Inputs and Outputs 
Full Military, Commercial, and Industrial Temperature Ranges 
Pin-Compatible with 29C010 and 29C512 for Easy System Upgrades 


Description 


The AT29C257 is a five-volt-only in-system Programmable and Erasable Read Only Memory 
(PEROM). Its 256K of memory is organized as 32,768 words by 8 bits. Manufactured with 
Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 90 ns with 
power dissipation of just 440 mW. When the device is deselected, the CMOS standby current 
is less than 300 WA. 


To allow for simple in-system reprogrammability, the AT29C257 does not require high input 
voltages for programming. Five-volt-only commands determine the operation of the device. 
Reading data out of the device is similar to reading from a static RAM. Reprogramming the 
AT29C257 is performed on a page basis; 64 bytes of data are loaded into the device and then 
simultaneously programmed. The contents of the entire device may be erased by using a six- 
byte software code (although erasure before programming is not needed). 


During a reprogram cycle, the address locations and 64 bytes of data are internally latched, 
freeing the address and data bus for other operations. Following the initiation of a program 
cycle, the device will automatically erase the page and then program the latched data using an 
internal control timer. The end of a program cycle can be detected by DATA polling of 1/07. 
Once the end of a program cycle has been detected a new access for a read, program or chip 
erase can begin. 


Pin Configurations DIP Top View PLCC and LCC Top View 


Ai2 NC Vcc NC 
Pin Name Function NC NC WE 
AO -A14 


1 
2 
3 
4 
5 
6 
7 
8 
9 


1/00 - 1/07 | Data Inputs/Outputs 


Notes: 

1. PLCC package pin 30 is a DON’T 
CONNECT. 

2. To upgrade to the 1-Mbit 29C010, 
pin 3 is A15 and pin 2 is A16. 
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13 21 
14151617181920 
W's 12 3456 
GND 


256K (32K x 8) 
5-Volt Only 
CMOS 
PEROM 
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Block Diagram 


ADDRESS 
INPUTS 


Device Operation 


READ: The AT29C257 is accessed like a static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


BYTE LOAD: A byte load is performed by applying a low 
pulse on the WE or CE input with CE or WE low (respectively) 
and OE high. The address is latched on the falling edge of CE or 
WE, whichever occurs last. The data is latched by the first rising 
edge of CE or WE. Byte loads are used to enter the 64 bytes of 
a page to be programmed or the software codes for data protec- 
tion and chip erasure. 


PROGRAM: The device is reprogrammed on a page basis. If 
a byte of data within a page is to be changed, data for the entire 
page must be loaded into the device. Any byte that is not loaded 
during the programming of its page will be erased to read FFh. 
Once the bytes of a page are loaded into the device, they are 
simultaneously programmed during the internal programming 
period. After the first data byte has been loaded into the device, 
successive bytes are entered in the same manner. Each new byte 
to be programmed must have its high to low transition on WE 
(or CE) within 150 ps of the low to high transition of WE (or 
CE) of the preceding byte. If a high to low transition is not de- 
tected within 150 pts of the last low to high transition, the load 
period will end and the internal programming period will start. 
A6 to Al4 specify the page address. The page address must be 
valid during each high to low transition of WE (or CE). AO to 
AS specify the byte address within the page. The bytes may be 
loaded in any order; sequential loading is not required. 

SOFTWARE DATA PROTECTION: A software controlled 
data protection feature is available on the AT29C257. Once the 
software protection is enabled a software algorithm must be is- 
sued to the device before a program may be performed. The 
software protection feature may be enabled or disabled by the 


Y DECODER 


X DECODER 


DATA INPUTS/OUTPUTS 
(00 - VO7 


DATA LATCH 


user; when shipped from Atmel, the software data protection 
feature is disabled. To enable the software data protection, a se- 
ries of three program commands to specific addresses with spe- 
cific data must be performed. After the software data protection 
is enabled the same three program commands must begin each 
program cycle in order for the programs to occur. All software 
program commands must obey the page program timing speci- 
fications. Once set, the software data protection feature remains 
active unless its disable command is issued. Power transitions 
will not reset the software data protection feature, however the 
software feature will guard against inadvertent program cycles 
during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, a read operation will effectively be a polling opera- 
tion. 


After the software data protection’s three-byte command code is 
given, a byte load is performed by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) and OE high. 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 


The 64 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously programmed during the internal 
programming period. After the first data byte has been loaded 
into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed must have its high to low 
transition on WE (or CE) within 150 ps of the low to high tran- 
sition of WE (or CE) of the preceding byte. If a high to low 
transition is not detected within 150 ps of the last low to high 


continued on next page 
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Device Operation (Continued) 

transition, the load period will end and the internal program- 
ming period will start. A6 to A14 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to AS specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE DATA PROTECTION: Hardware features 
protect against inadvertent programs to the AT29C257 in the 
following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi- 
cal), the program function is inhibited. (b) Vcc power on 
delay— once Vcc has reached the Vcc sense level, the device 
will automatically time out 5 ms (typical) before programming. 
(c) Program inhibit— holding any one of OE low, CE high or 
WE high inhibits program cycles. (d) Noise filter— pulses of 
less than 15 ns (typical) on the WE or CE inputs will not initiate 
a program cycle. 

PRODUCT IDENTIFICATION: The product identification 
mode identifies the device and manufacturer and may be ac- 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 


with Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on OE 
with Respect to Ground 


-0.6 V to +13.5 V 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
4 6 pF Vin= OV 
8 12 pF Vout =0V 


AIMEL 


cessed by a hardware or software operation. For details, see Op- 
erating Modes or Software Product Identification. 


DATA POLLING: The AT29C257 features DATA polling to 
indicate the end of a program cycle. During a program cycle an 
attempted read of the last byte loaded will result in the comple- 
ment of the loaded data on I/O7. Once the program cycle has 
been completed, true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 

TOGGLE BIT: In addition to DATA polling the AT29C257 
provides another method for determining the end of a program 
or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in I/06 toggling 
between one and zero. Once the program cycle has completed, 
1/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 
OPTIONAL CHIP ERASE MODES: The entire device may 
be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atmel. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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D.C. and A.C. Operating Range 
AT29C257-90 AT29C257-12 AT29C257-15 AT29C257-20 AT29C257-25 


Operating 0°C - 70°C 0°C - 70°C 0°c - 70°C Ge 70C 0°C - 70°C 

Temperature 

(Case) -40°C-85°C -40°C-85°C  =-40°C - 85°C ~— -40°C - 85°C 
5V+10% 5V+10% 5V+10% 5V+10% 


Vcc Power Supply 


5V+10% 


Operating Modes 


High Voltage Chip Erase i 7. io . High Z 


slat 7 im =H, — Manufactu rer Code") 


Product Identification ; 
Device Code) 


A1-A14 = Vit, A9 = Vu, 
AO = Vi 


Notes: 1. X can be Vy or Vo. 3. Vy = 12.0 Vt0.5 V. 
2. Refer to A.C. Programming Waveforms. 4. Manufacturer Code: 1F, Device Code: DC 


D.C. Characteristics 


Symbol Parameter Condition 
Plu | Input Load Current Vin = 0 V to Vcc 
Ilo | Vvo = 0 V to Vcc 
Vcc Standby Current CMOS CE = Vcc-0.3V to Vcc 
Vcc Standby Current TTL CE = 2.0 Vto Voc 
Vcc Active Current f= 5 MHz; lout = 0 mA 
Input Low Voltage 


floc 

Vu | 

Vin | Input High Voltage 

Vor | Output Low Voltage lol = 2.1 mA 


Output High Voltage loH = -400 LA 
Output High Voltage CMOS lon = -100 A; Voc = 4.5V 4.2 
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AT29C257 


A.C. Read Characteristics 


AT29C257- | AT29C257- | AT29C257- | AT29C257- | AT29C257- 
ae a 2 eos a ree 
Parameter 


Cm ST So 
ice [CEtoOutputDelay | 90 | 120 | 50 | 200 | 250 | ns 
SS Ee 
tor [CE orOE to OutputFloat | 0 40 | 0 40 | 0 50 | 


Output Hold from OE, CE 
or Address, whichever 
occurred first 


A.C. Read Waveforms 
ADDRESS 


ADDRESS VALID 


CE 
OE 
OUTPUT 
Notes: cae 
1. CE may be delayed up to tacc - tcg after the address transition 3. tpF is specified from OE or CE whichever occurs first 
without impact on tacc. (CL = 5 pF). 
2. OE may be delayed up to tcg - tog after the falling edge 4. This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5 OV 
3.0V 1.8 
AC AC OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS 
sa LEVEL 1.3K T 100pF 
tr, te< Sns 
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A.C. Byte Load Characteristics 
Symbol Parameter Min Max Units 


[ta - =]: Address Hold Time-—p- -— = s=~ 60 ge 
[tos | ChipSelectSetupTime Os 
[toch | ChipSelectHoldTime ts 
| twe | WritePulse Width (WEorCE) 90s 
| tos i 50 ns 
i 0 ns 

i 10 ms 


tAH 
tcs 
tCH 
twP 


A.C. Byte Load Waveforms- WE Controlled 


OE 
tOEH 
ADDRESS | KOT CS 
tAS 
_ (CS i 
WE xy” 
tWPH 


tWP. 


tDS tDH 
DATA IN rena 


A.C. Byte Load Waveforms- CE Controlled 
OE 


tOEH 
ADDRESS te Re a ve Y 
tAS 


a tCS i 
CE KY 


tWPH 
tWP. 


tDS tDH 
DATA IN [_—————J 
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AT29C257 


Program Cycle Characteristics 


Symbol Parameter 

twc Write Cycle Time 
Address Set-up Time 

tAH Address Hold Time 


Data Set-up Time 

Data Hold Time 

Write Pulse Width 
Byte Load Cycle Time 
Write Pulse Width High 


Program Cycle Waveforms 
— ed 
OE / | — 
ce V\S\S\S\I VST 
__ IWR tWPH tBLC 
WE “\ | \ / — 


tAS i !DH 
no- Bhp I Fe AEP 
ee , 
AG-AI4 Shes K |X|) a 
tDS t Bin 
DATA GD GD GED Gn Gs 
BYTE 0 BYTE 1 BYTE 2 BYTE 62 BYTE 63 7— 
k— two 


Notes: A6 through A14 must specify the page address during each high to 
low transition of WE (or CE). 
OE must be high when WE and CE are both low. 
All bytes that are not loaded within the page being programmed 
will be erased to FF. 
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Software Data 
Protection Enable Algorithm °” 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 
TO 
ADDRESS 5555 


WRITES ENABLED @) 
LOAD DATA 


TO (4) | ENTER DATA 
PAGE (64 BYTES) PROTECT STATE 


Notes for software program code: 
1. Data Format: I/O7 - I/O0 (Hex); 
Address Format: A14 - AO (Hex). 
2. Data Protect state will be activated at end of program cycle. 
3. Data Protect state will be deactivated at end of program period. 
4. 64 bytes of data must be loaded. 


Software Protected Program Cycle Waveform 


OE 
CE 
tWP wen 
bil tAS 
ieee = (DH 
A0-A5 oe tae BYTE ADDRESS 
5555 
AB-AI4 =X KK | __X ac ares 
tDS 
DATA (mw KX 55 Kw?) 


Notes: 1. A6 through Al4 must specify the page address during each high to low 
transition of WE (or CE) after the software code has been entered. 
2. OE must be high when WE and CE are both low. 
3. All bytes that are not loaded within the page being programmed will 
be erased to FF. 
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Software Data ; 
Protection Disable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 80 
TO 
ADDRESS 5555 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 20 
TO 
ADDRESS 5555 


LOAD DATA 
TO 


PAGE (64 BYTES) ‘ 


4) 


BYTE 63 


e— wo 


EXIT DATA 
PROTECT STATE 


ey 
' rama i ie 


~—_X_X 


BYTE 62 


(3) 


ee 


AT29C257 


Data Polling Characteristics” 


Symbol Parameter 
Data Hold Time 


OE Hold Time 


toe —s|,-« OE to Output Delay 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE 

CE ry 

oe WIV 
1/07 ~ - a 


Symbol Parameter 
Data Hold Time 


OE Hold Time 


| toe _—_—|s-: OE to Output Delay 
OE High Pulse 


twR Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Toggle Bit Waveforms 
WE 


GE y gF % 
OEH 
ee a? ae a 


tOE 
_ nal HIGH Z 
tWR 
Notes: Le __ = 
1. Toggling either OE or CE or both OE and CE will operate toggle bit. 


2. Beginning and ending state of [/06 will vary. 
3. Any address location may be used but the address should not vary. 
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Software Product 


Identification Entry “ 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 90 
TO 
ADDRESS 5555 


PAUSE 10 mS 


Software Product 


Identification Exit “” 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA FO 
TO 
ADDRESS 5555 


PAUSE 10 mS 


ENTER PRODUCT EXIT PRODUCT 
IDENTIFICATION IDENTIFICATION 
MODE °: MODE (4) 


Notes for software product identification: 
1. Data Format: I/O7 - I/O0 (Hex); 
Address Format: A14 - AO (Hex). 
2. Al-Al4=Vr. 
Manufacture Code is read for AO = Vy. 
Device Code is read for AO = Vqx. 
3. The device does not remain in identification mode if 
powered down. 
4. The device returns to standard operation mode. 
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AT29C257 


NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs. 
TEMPERATURE i SUPPLY VOLTAGE 


Q0ao— Qen—-—wmag-roz 


Temperature (C) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


Frequency (MHz) 
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AIMEL 


AT29C257-90DC 32D6 Commercial 
AT29C257-90JC (0° to 70°C) 
AT29C257-90PC 


AT29C257-12DC 
AT29C257-12JC 
AT29C257-12LC 
AT29C257-12PC 


AT29C257-12DI 
AT29C257-12Jl 
AT29C257-12LI 
AT29C257-12Pl 


AT29C257-15DC 
AT29C257-15JC 
AT29C257-15LC 
AT29C257-15PC 


AT29C257-15DI 
AT29C257-15uJl 
AT29C257-15L1 
AT29C257-15PI 


AT29C257-20DC 
AT29C257-20JC 
AT29C257-20LC 
AT29C257-20PC 


AT29C257-20DI 
AT29C257-20Jl 
AT29C257-20LI 
AT29C257-20PI 


AT29C257-25DC 
AT29C257-25JC 
AT29C257-25LC 
AT29C257-25PC 


AT29C257-25DI 
AT29C257-25Jl 
AT29C257-25LI 
AT29C257-25PI 


Ordering Information 


tacc Icc (mA) 
ins) Standby 


Commercial 
(0° to 70°C) 


industrial 
(-40° to 85°C) 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Package Type 
32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


3-38 AT29C257? sszeusmmmmmcaacummmma ee Meas CORDS ARNIS 


Ce ee re are sel Ole mm, 


Features 


e Fast Read Access Time - 90 ns 
Five-Volt-Only Reprogramming 
Sector Program Operation 
Single Cycle Reprogram (Erase and Program) 
512 Sectors (128 bytes/sector) 
internal Address and Data Latches for 128 Bytes 
e Fast Sector Program Cycle Time - 10 ms 
e Internal Program Control and Timer 
e Low Power Dissipation 


512K (64K x 8) 


50 mA Active Current 

100 1A CMOS Standby Current 5-Volt Only 
e Hardware and Software Data Protection 
e DATA Polling for End of Program Detection CMOS 
e High Reliability CMOS Technology 

1000 Program Cycles per Sector 4 EROM 


10-Year Data Retention 
e Single 5 V +10% Supply 
e CMOS and TTL Compatible Inputs and Outputs 
e Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT29C5172 is a five-volt-only in-system Programmable and Erasable Read Only Memory 
(PEROM). Its 512K of memory is organized as 65,536 words by 8 bits. Manufactured with 
Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 90 ns with 
power dissipation of just 275 mW over the commercial temperature range. When the device is 
deselected, the CMOS standby current is less than 100 LWA. 


continued on next page 


Pin Configurations een 


[OE | OutputEnable 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PLCC and LCC Top View 


Ai2 NC Vcc_NC TSOP Top View 


Ai5 NC WE Type 4 


43 2 1 323130 
29 


A7 Al4 
AG A13 
AS As 
A4 AQ 
A3 Ait 
A2 OE 
At A10 
AO CE 
00 1/07 


13 21 
14151617181920 


W's 12 3456 
GND 


Note: PLCC package pin 30 
is a DON’T CONNECT. 
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Description (Continued) 


To allow for simple in-system reprogrammability, the 
AT29C512 does not require high input voltages for program- 
ming. Five-volt-only commands determine the operation of the 
device. Reading data out of the device is similar to reading from 
an EPROM. Reprogramming the AT29C512 is performed on a 
sector basis; 128 bytes of data are loaded into the device. and 
then simultaneously programmed. 


During a reprogram cycle, the address locations and 128 bytes 
of data are internally latched, freeing the address and data bus 
for other operations. Following the initiation of a program cycle, 
the device will automatically erase the sector and then program 
the latched data using an internal control timer. The end of a 
program cycle can be detected by DATA polling of 1/07. Once 
the end of a program cycle has been detected, a new access for 
a read or program can begin. 


DATA INPUTS/OUTPUTS 
__VO0-VO7_ 


DATA LATCH 


Block Diagram 
VCC ——» 
GND ——> 
OE 
WE 
CE 
ADDRESS 
X DECODER 
Device Operation 


READ: The AT29C512 is accessed like an EPROM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


BYTELOAD: Byte loads are used to enter the 128 bytes of a 
sector to be programmed or the software codes for data protec- 
tion. A byte load is performed by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) and OE high. 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 


PROGRAM: The device is reprogrammed on a sector basis. If 
a byte of data within a sector is to be changed, data for the entire 
sector must be loaded into the device. Any byte that is not 
loaded during the programming of its sector will be erased to 
read FFh. Once the bytes of a sector are loaded into the device, 
they are simultaneously programmed during the internal pro- 
gramming period. After the first data byte has been loaded into 
the device, successive bytes are entered in the same manner. 
Each new byte to be programmed must have its high to low tran- 
sition on WE (or CE) within 150 us of the low to high transition 
of WE (or CE) of the preceding byte. If a high to low transition 
is not detected within 150 us of the last low to high transition, 
the load period will end and the internal programming period 
will start. A7 to A15 specify the sector address. The sector ad- 
dress must be valid during each high to low transition of WE (or 
CE). AO to A6 specify the byte address within the sector. The 


bytes may be loaded in any order; sequential loading is not re- 
quired. 

SOFTWARE DATA PROTECTION: A software controlled 
data protection feature is available on the AT29C512. Once the 
software protection is enabled a software algorithm must be is- 
sued to the device before a program may be performed. The 
software protection feature may be enabled or disabled by the 
user; when shipped from Atmel, the software data protection 
feature is disabled. To enable the software data protection, a se- 
ries of three program commands to specific addresses with spe- 
cific data must be performed. After the software data protection 
is enabled the same three program commands must begin each 
program cycle in order for the programs to occur. All software 
program commands must obey the sector program timing spec- 
ifications. Once set, the software data protection feature remains 
active unless its disable command is issued. Power transitions 
will not reset the software data protection feature, however the 
software feature will guard against inadvertent program cycles 
during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, a read operation will effectively be a polling opera- 
tion. 


After the software data protection’s three-byte command code is 
given, a byte load is performed by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) and OE high. 


continued on next page 
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Device Operation (Continued) 

The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 


The 128 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously programmed during the internal 
programming period. After the first data byte has been loaded 
into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed must have its high to low 
transition on WE (or CE) within 150 ps of the low to high tran- 
sition of WE (or CE) of the preceding byte. If a high to low 
transition is not detected within 150 ps of the last low to high 
transition, the load period will end and the internal program- 
ming period will start. A7 to A15 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to A6 specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE DATA PROTECTION: Hardware features 
protect against inadvertent programs to the AT29C512 in the 
following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi- 
cal), the program function is inhibited. (b) Vcc power on 
delay— once Vcc has reached the Vcc sense level, the device 
will automatically time out 5 ms (typical) before programming. 
(c) Program inhibit— holding any one of OE low, CE high or 
WE high inhibits program cycles. (d) Noise filter— pulses of 
less than 15 ns (typical) on the WE or CE inputs will not initiate 
a program cycle. 

PRODUCT IDENTIFICATION: The product identification 
mode identifies the device and manufacturer as Atmel. It may be 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 


with Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on OE 
with Respect to Ground 


-0.6 V to +13.5 V 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


Cout 
Notes: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
4 6 OF ViIN=OV 
8 12 pF VouT = 0 V 


accessed by hardware or software operation. The hardware op- 
eration mode can be used by an external programmer to identify 
the correct programming algorithm for the Atmel product. In 
addition, users may wish to use the software product identifica- 
tion mode to identify the part (i.e. using the device code), and 
have the system software use the appropriate sector size for pro- 
gram operations. In this manner, the user can have a common 
board design for 256K to 4-megabit densities and, with each 
density’s sector size ina memory map, have the system software 
apply the appropriate sector size. 

For details, see Operating Modes (for hardware operation) or 
Software Product Identification. The manufacturer and device 
code is the same for both modes. 


DATA POLLING: The AT29C512 features DATA polling to 
indicate the end of a program cycle. During a program cycle an 
attempted read of the last byte loaded will result in the comple- 
ment of the loaded data on I/O7. Once the program cycle has 
been completed, true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 

TOGGLE BIT: In addition to DATA polling the AT29C512 
provides another method for determining the end of a program 
or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in I/O6 toggling 
between one and zero. Once the program cycle has completed, 
1/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 
OPTIONAL CHIP ERASE MODES: The entire device may 
be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atmel. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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ATMEL 


D.C. and A.C. Operating Range 


AT29C512-90 AT29C512-12 AT29C512-15 AT29C512-20 
Bp 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C 
perating r) o r) ry r) Oo ) r) 
Temperature {Case} -40°C - 85°C -40°C - 85°C -40°C - 85°C -40°C - 85°C 
il. -55°C - 125°C -55°C - 125°C -55°C - 125°C 
Vcc Power Supply 5V+10% 5V+10% 5V+10% 5V+10% 
Operating Modes 
Mode CE OE WE Al vO 
Read VIL VIL VIH Ai DouT 
Program?) VIL VIH VIL Ai DIN 
5V Chip Erase VIL VIH VIL Ai 
Standby/Write Inhibit ViH x") x x High Z 
Program Inhibit X X VIH 
Program Inhibit X VIL X 
Output Disable X VIH X High Z 
oe ee cl " ; 7 kines ae Ve = Vi, Manufacturer Code) 
roduct Identification IL IL 1H — 
ne ee Device Code") 
Notes: 1. X can be Vy or Vin. 3 Ve=iIZ0VE05 ¥ 


2. Refer to A.C. Programming Waveforms. 


D.C. Characteristics 
Symbol Parameter 


Input Load Current 


ILO Output Leakage Current 


Ca Vcc Standby Current CMOS 


Vcc Standby Current TTL 


Vcc Active Current 


VIL Input Low Voltage 
VIH Input High Voltage 
Output Low Voltage 
Output High Voltage 


Output High Voltage CMOS 
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Condition 
Vin=0OVtoVcc 
Vvo =0 Vto Vcc 


CE = Vcc - 0.3 V to Vcc 


CE =2.0Vto Vcc 
f = 5 MHz; louT=0O mA 


loL = 2.1 MA 
IOH = -400 LA 
IOH = 


-100 pA; Vcc = 4.5 V 


Min 
Com. 
Ind., Mil. 
2.0 
2.4 
4.2 


4. Manufacturer Code: 1F, Device Code: 5D 


Max Units 
10 LA 
10 pA 

100 LA 

300 LA 

3 mA 
50 mA 
0.8 V 

V 
45 V 
V 
V 


SU2CCS'12? _1-_s ERE, 


A.C. Read Characteristics 


Parameter 
Address to Output Delay QO 


Output Hold from OE, CE 
or Address, whichever 
occurred first 


OUTPUT 


Notes: 

1. CE may be delayed up to tacc - tcx after the address transition 
without impact on tacc. 

2. OE may be delayed up to tc - tog after the falling edge 
of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and 
Measurement Level 


3.0V 
AC AC 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL 
0.0V 
tk, tpF<Sns 


ae AT29C512-90 | AT29C512-12 | AT29C512-15 | AT29C512-20 


AT29C512 


CEtoOutputDelay | 90 | S120 || 850 | 200 | 


3. tpg is specified from OE or CE whichever occurs first 
(CL =5 pF). 
4. This parameter is characterized and is not 100% tested. 


Output Test Load 
5.0V 


1.8K 
OUTPUT 


PIN 
1.3K T 


100pF 


AIMEL 
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A.C. Byte Load Characteristics 


Symbol 


Parameter 


Address, OE Set-up Time 


Address Hold Time 
Chip Select Set-up Time 


Write Pulse Width (WE or CE) 


Chip Select Hold Time 
jos 


twc 


Data Set-up Time 


Mtontoen | Data, OE Hold Time 


Write Cycle Time 


A.C. Byte Load Waveforms- WE Controlled 


OE 


ADDRESS >C | OK 
tAS 


A.C. Byte Load Waveforms- CE Controlled 
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OE 

tOEH 
ADDRESS >< | KT CY 
CE xxKY 


tWPH 


tDS tDH 
DATA IN - 


AT29 52 ec 


AT29C512 


Program Cycle Characteristics 


Parameter 
Write Cycle Time 


Address Set-up Time 


Address Hold Time 


Data Set-up Time 
Data Hold Time 

Write Pulse Width 
Byte Load Cycle Time 


Write Pulse Width High 


Program Cycle Waveforms 
= 2) 2 an 
ce UU S (VS \VS\I\S\S 
os ~ WA tWPHR Tp p= 
A0-AG eet TX ~ a wats 
A7-A15 ee —ty 

tDS 
== a 


pata XX X~*S fe 


BYTE O BYTE 1 BYTE 2 BYTE 126 BYTE 127 


Notes: A7 through A15 must specify the sector address during each high to 
low transition of WE (or CE). 
OE must be high when WE and CE are both low. 
All bytes that are not loaded within the sector being programmed 
will be erased to FF. 
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Software Data 
Protection Enable Algorithm °”’ 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 
TO 


ADDRESS 5555 (2) 


WRITES ENABLED 


LOAD DATA 


TO (4) ENTER DATA 
SECTOR (128 BYTES) PROTECT STATE 


Notes for software program code: 
1. Data Format: [/O7 - I/O0 (Hex); 
Address Format: Al14 - AO (Hex). 
2. Data Protect state will be activated at end of program cycle. 
3. Data Protect state will be deactivated at end of program period. 
4. 128 bytes of data MUST BE loaded. 


Software Protected Program Cycle Waveform 


OE 


tDH 


wT) BYTE ADDRESS 


Notes: A7 through A15 must specify the sector address during each high to low 
transition of WE (or CE) after the software code has been entered. 

OE must be high when WE and CE are both low. 

All bytes that are not loaded within the sector being programmed 


will be erased to FF. 
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Software Data " 
Protection Disable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 80 
TO 
ADDRESS 5555 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 20 
TO 
ADDRESS 5555 EXIT DATA 


PROTECT STATE 


(3) 


LOAD DATA 
SECTOR (128 BYTES) 


2X 


! es a ae 


SECTOR ADDRESS 


dic 


BYTE 126 BYTE 127 


ee ee ee eT 
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Data Polling Characteristics” 
Symbol Parameter 


tDH Data Hold Time 
OE Hold Time 


toe OE to Output Delay 


tWwR Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE — 
cE VV 
oe VV 
07 i: aaa 


Symbol Parameter 
tDH Data Hold Time 


OE Hold Time 

OE to Output Delay 
OE High Pulse 

Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Toggle Bit Waveforms 


| tOEH 
OE \ J \ 


OE 
(DH ' HIGH Z 


Notes: 

1. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of I/06 will vary. 

3. Any address location may be used but the address should not vary. 
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Software Product 


Identification Entry “’ 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 90 
TO 
ADDRESS 5555 


PAUSE 10 mS 


Notes for software product identification: 
1. Data Format: 1/07 - I/O0 (Hex); 
Address Format: A14 - AO (Hex). 
2. Al-AlS=Vn. 
Manufacture Code is read for AO = Vy; 
Device Code is read for AO = Vix. 
3. The device does not remain in identification mode if 
powered down. 
4. The device returns to standard operation mode. 


ENTER PRODUCT 
IDENTIFICATION 
MODE °: 
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Software Product 


identification Exit 


(1) 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA FO 
TO 
ADDRESS 5555 


PAUSE 10 mS 


EXIT PRODUCT 
IDENTIFICATION 
mope_E (4) 


AV290 57 2 ‘samme eae eeencmneve cans ne eeRT eR EMUNA NIRS 


aQ0o— Qen-—-—-MPRa-cz 


lo0— Qen-——-mRg- oz 


NORMALIZED SUPPLY CURRENT vs. 
TEMPERATURE 


Temperature (C) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


Frequency (MHz) 


AT29C512 


NORMALIZED SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


Q0ao— Qaen-——MwPage oz 
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Ordering Information 


a co im) Ordering Code Package Operation Range 


AT29C512-90DC 
AT29C512-90JC 
AT29C512-90PC 


AT29C512-90DI 
AT29C512-90JI 
AT29C512-90PI 


AT29C512-12DC 
AT29C512-12JC 
AT29C512-12PC 


AT29C512-12DI 
AT29C512-12Jl 
AT29C512-12Pl 


32D6 Commercial 
32J (0° to 70°C) 


Industrial 
32J (-40° to 85°C) 


32D6 Commercial 
32J (0° to 70°C) 


Industrial 
32J (-40° to 85°C) 


Military 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


AT29C512-15DC 32D6 Commercial 
AT29C512-15JC 32J (0° to 70°C) 
AT29C512-15PC 32P6 


AT29C512-15DI 32D6 Industrial 
AT29C512-15Jl 32J (-40° to 85°C) 
AT29C512-15Pl 32P6 
AT29C512-15DM 32D6 Military 
(-55°C to 125°C) 
AT29C512-15DM/883 32D6 Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


AT29C512-20DC 32D6 Commercial 
AT29C512-20JC 32J (0° to 70°C) 
AT29C512-20PC 32P6 


AT29C512-20DI 32D6 Industrial 
AT29C512-20uI 32u (-40° to 85°C) 
AT29C512-20PI 32P6 | 
AT29C512-20DM 32D6 Military : 
(-55°C to 125°C) | 
AT29C512-20DM/883 32D6 Military/883C 


Class B, Fully Compliant 
(-55°C to 125°C) 
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AT29C512 


Ordering Information 


Mee ecm) Ordering Code Package Operation Range 

(ns) : 9 : : 

120 0.1 AT29C512-12TC 32T Commercial 
(0° to 70°C) 


(0° to 70°C) 


| 3206 —|_ 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
ses | 2 Lead, Plasc JLeaded ChipCarier(PLCO) SS 
T-32ps | 2 Lead, 0.600" Wide, Plastic Dual Inline Package (PO) —~SC~C~S~S 
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Features 


e Single 3.3 V+ 10% Supply 
e Three-Volt-Only Read and Write Operation 
e Software Protected Programming 
e Low Power Dissipation 
15 mA Active Current 
20 nA CMOS Standby Current 
e Fast Read Access Time - 200 ns 
e Sector Program Operation 
Single Cycle Reprogram (Erase and Program) 
512 Sectors (128 bytes/sector) 
internal Address and Data Latches for 128 Bytes 
Fast Sector Program Cycle Time - 20 ms Max. 
internal Program Control and Timer 
DATA Polling for End of Program Detection 
High Reliability CMOS Technology 
1000 Program Cycles per Sector 
10-Year Data Retention 
e CMOS and TTL Compatible Inputs and Outputs 
e Commercial and Industrial Temperature Ranges 


512K (64K x 8) a8 


3-Volt Only 
CMOS 
PEROM 


Description 


The AT29LV512 is a three-volt-only in-system Programmable Erasable Read Only Memory 
(PEROM). Its 512K of memory is organized as 65,536 words by 8 bits. Manufactured with 
Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 200 ns 
with power dissipation of just 54 mW over the commercial temperature range. When the de- 
vice is deselected, the CMOS standby current is less than 20 LA. 


continued on next page 


Pin Configurations he 


AQ - AIS 
Chip Enable 


1 
2 
3 
4 
5 
6 
7 
8 
9 


[OE | OutputEnabie 


PLCC, LCC Top View 


A12 NC Vcc_NC TSOP Top View 
AiS5 NC WE 
Type 1 


4 3 2 1 323130 
29 


A7 A14 
AG A13 
AS A8 
A4 AQ 
A3 Att 
A2 OE 
At A10 
AO CE 
VOO 913 21 ¢ 1/07 
14151617 181920 
W's 12 3456 
GND 
Note: PLCC package pin 30 
is a DON’T CONNECT. 
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Description (Continued) 

To allow for simple in-system reprogrammability, the 
AT29LV512 does not require high input voltages for program- 
ming. Three-volt-only commands determine the operation of 
the device. Reading data out of the device is similar to reading 
from an EPROM. Reprogramming the AT29LV512 is per- 
formed on a sector basis; 128 bytes of data are loaded into the 
device and then simultaneously programmed. 


During a reprogram cycle, the address locations and 128 bytes 
of data are captured at microprocessor speed and internally 


latched, freeing the address and data bus for other operations. 
Following the initiation of a program cycle, the device will au- 
tomatically erase the sector and then program the latched data 
using an internal control timer. The end of a program cycle can 
be detected by DATA polling of I/O7. Once the end of a pro- 
gram cycle has been detected, a new access for a read or pro- 


gram can begin. 


DATA INPUTS/OUTPUTS 
1/00 - VO7 


DATA LATCH 


Block Diagram 
VCC ——» 
GND ——> 
OE 
WE 
CE 
ADDRESS 
INPUTS 
Device Operation 


READ: The AT29LVS512 is accessed like an EPROM. When 
CE and OF are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


SOFTWARE DATA PROTECTION PROGRAMMING: The 
AT29LV512 has 512 individual sectors, each 128 bytes. Using 
the software data protection feature, byte loads are used to enter 
the 128 bytes of a sector to be programmed. The AT29LV512 
can only be programmed or reprogrammed using the software 
data protection feature. The device is programmed on a sector 
basis. If a byte of data within the sector is to be changed, data for 
the entire 128-byte sector must be loaded into the device. The 
AT29LV512 automatically does a sector erase prior to loading 
the data into the sector. An erase command is not required. 


Software data protection protects the device from inadvertent 
programming. A series of three program commands to specific 
addresses with specific data must be presented to the device be- 
fore programming may occur. After writing the three-byte com- 
mand sequence (and after twc), the entire device is protected. 
The same three program commands must begin each program 
operation. All software program commands must obey the sec- 
tor program timing specifications. Power transitions will not 


reset the software data protection feature, however the software 
feature will guard against inadvertent program cycles during 
power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, a read operation will effectively be a polling opera- 
tion. 


After the software data protection’s three-byte command code is 
given, a byte load is performed by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) and OE high. 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 


The 128 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously programmed during the internal 
programming period. After the first data byte has been loaded 
into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed must have its high to low 


continued on next page 
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Device Operation (Continued) 

transition on WE (or CE) within 150 ps of the low to high tran- 
sition of WE (or CE) of the preceding byte. If a high to low 
transition is not detected within 150 ps of the last low to high 
transition, the load period will end and the internal program- 
ming period will start. A7 to A15 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to A6 specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE DATA PROTECTION: Hardware features 
protect against inadvertent programs to the AT29LV512 in the 
following ways: (a) Vcc sense— if Vcc is below 1.8 V (typi- 
cal), the program function is inhibited. (b) Vcc power on 
delay— once Vcc has reached the Vcc sense level, the device 
will automatically time out 10 ms (typical) before program- 
ming. (c) Program inhibit— holding any one of OE low, CE 
high or WE high inhibits program cycles. (d) Noise filter— 
pulses of less than 15 ns (typical) on the WE or CE inputs will 
not initiate a program cycle. 

INPUT LEVELS: While operating with a 3.3 V +10% power 
supply, the address inputs and control inputs (OE, CE and WE) 
may be driven from 0 to 5.5 V without adversely affecting the 
operation of the device. The I/O lines can only be driven from 0 
to 3.6 volts. 


PRODUCT IDENTIFICATION: The product identification 
mode identifies the device and manufacturer as Atmel. It may be 
accessed by hardware or software operation. The hardware op- 
eration mode can be used by an external programmer to identify 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 


Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 


with Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on AY 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +13.5 V 


Pin Capacitance (f= 1 MHz, T = 25°C) “ 


Typ Max Units Conditions 
4 6 oF ViIN=0V 
8 12 pF Vout =0V 


Note: 1. These parameters are characterized and not 100% tested. 


the correct programming algorithm for the Atmel product. In 
addition, users may wish to use the software product identifica- 
tion mode to identify the part (i.e. using the device code), and 
have the system software use the appropriate sector size for pro- 
gram operations. In this manner, the user can have a common 
board design for 256K to 4-megabit densities and, with each 
density’s sector size ina memory map, have the system software 
apply the appropriate sector size. 

For details, see Operating Modes (for hardware operation) or 
Software Product Identification. The manufacturer and device 
code is the same for both modes. 


DATA POLLING: The AT29LV512 features DATA polling 
to indicate the end of a program cycle. During a program cycle 
an attempted read of the last byte loaded will result in the com- 
plement of the loaded data on I/O7. Once the program cycle has 
been completed, true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 

TOGGLE BIT: Inaddition to DATA polling the AT29LV512 
provides another method for determining the end of a program 
or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in 1/06 toggling 
between one and zero. Once the program cycle has completed, 
1/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 
OPTIONAL CHIP ERASE MODES: The entire device may 
be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atmel. 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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D.C. and A.C. Operating Range 


Temperature (Case) _ ind. -40°C - 85°C -40°C - 85°C 
3.3V+0.3V 3.3V+0.3V 
Operating Modes 
ViL ViL ViH Ai Dout 
VIL VIH VIL Ai DIN 
Vil xt? X X High Z 
X X ViH 
x Vit x 
x ViH x High Z 

icles = vo VH"™") Manufacturer Code") 
Product Identification VIL VIL VIH A1-Ai5 = Vi, A9 = Vn ©), oa (4) 
0=-Vin evice Code 
Notes: 1. X can be Vy or Vin. 3. VH=12.0V+05 V. 
2. Refer to A.C. Programming Waveforms. 4. Manufacturer Code: 1F, Device Code: 3D. 
D.C. Characteristics 

Symbol Parameter Condition Min Max Units 

Iu Input Load Current Vin = 0 Vto Voc 1 pA 
Output Leakage Current Vio = 0 V to Vcc 1 LA 
isos Voc Standby Current CMOS CE=Voc-0.3Vto Voc Om —_________20_pA 

Ind. 50 LA 
!isp2___| Voc Standby Current TTL CE = 2.0 V to Voc 1 mA 
Vcc Active Current f = 5 MHz; lout = 0 MA; Vcc = 3.6 V 15 mA 
Input Low Voltage 0.6 V 
Input High Voltage 2.0 V 
Output Low Voltage lo. = 1.6 MA; Vcc = 3.0 V 45 V 
Output High Voltage loH = -100 pA; Voc = 3.0V 2.4 V 
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i # 


AT29LV512 


A.C. Read Characteristics 


AT29LV512-20 AT29LV512-25 
Symbol Parameter 


Address to Output Delay 


p50 | ss 
LA oT a Te ae oe 
a 


A.C. Read Waveforms 
ADDRESS 


OUTPUT 


Notes: 


1. CE may be delayed up to tacc - tck after the address transition 


without impact on tacc. 

2. OE may be delayed up to tcg - tox after the falling edge 
of CE without impact on tcg or by tacc - tok after an address 
change without impact on tacc. 


Input Test Waveforms and 
Measurement Level 


2.4V 
AC AC 
DRIVING 1.5V MEASUREMENT 


LEVELS i aay LEVEL 


tR, tF<5 ns 


ADDRESS VALID 


CE or OE to Output Float a ee ee 


Output Hold from OE, CE or Address, 
whichever occurred first 


3. tpg is specified from OE or CE whichever occurs first 
(CL =5 pF). 


4. This parameter is characterized and is not 100% tested. 


Output Test Load 


3.3V 
1.8K 
OUTPUT 
PIN 
100pF 


1.3K T 
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Program Cycle Characteristics 


Symbol Parameter Min Max Units 
Write Cycle Time 20 ms _ 
P tas Address Set-up Time 10 ns 
Address Hold Time 100 ns 
hips Data Set-up Time 100 ns 
toy Data Hold Time 10 ns 
/twe —s|-: Write Pulse Width 200 ns 
Byte Load Cycle Time 150 Us 
Write Pulse Width High 200 ns 


Software Protected Byte Load Waveform 


pee ee 
OE (1) 


, es Lae 
A7-A15 rf: > ci. 3 SECTOR ADDRE 
i —— eer Aa 
3) {DS — va 
DATA rr Gr Gr a ane 
BYTE 0 BYTE126 BYTE 127 
e— wo 
nue sie. _aeees 
1. OE must be high when WE and CE are both low. 3. All bytes that are not loaded within the sector being pro- 
2. A7 through A15 must specify the sector address during each grammed will be erased to FF. 
high to low transition of WE (or CE) after the software code 
has been entered. 


Software Data Protection Write Algorithm 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 


TO 
ADDRESS 5555 WRITES ENABLED (2) Notes for software program code: 
1. Data Format: 1/07-I/O0 (Hex); 
a Address Format: A14—A0 (Hex). 
3) | ENTER DATA 2. Data Protect state will be re-activated at end of program cycle. 
SECTOR (128 BYTES)” | PROTECT STATE —— 


3. 128 bytes of data MUST BE loaded. 
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A.C. Byte Load Characteristics 
Symbol Parameter Min Max Units 


Address, OE Set-up Time 10 ns 


Address Hold Time 100 ns 
Chip Select Set-up Time 0 ns 
Chip Select Hold Time 0 ns 
Write Pulse Width (WE or CE) 200 ns 
| tos | DataSetupTime 100s 


Data, OE Hold Time 10 ns 
Write Cycle Time 20 ms 


A.C. Byte Load Waveforms During Software Protection “” 
WE Controlled 


OE 


ADDRESS >| PK 


—_ tCS - 
WE KXY 
tWPH 
tWP. 
tDS tDH 
DATA IN rn 
CE Controlled 
OE 
tOEH 
ADDRESS >t | KD 
_ tAS 
CE <xY 
tWPH 
tWP. 
tDS tDH 
DATA IN ny 
Notes: 
1. The software data protection commands must be applied prior 2. A complete sector (128 bytes) should be loaded using these 
to byte loads. waveforms as shown in the Software Protected Byte Load 


waveforms (see previous page). 
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Data Polling Characteristics'” 


Symbol Parameter 
Data Hold Time 


OE Hold Time 
OE to Output Delay 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE 

CE ~~ fo 

o \ IV 
1/07 - — shih 


Symbol Parameter 
tDH Data Hold Time 


OE Hold Time 


OE to Output Delay 
OE High Pulse 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


(1,3) 


Toggle Bit Waveforms 
WE 


CE “\ fF N 
OEH 
OE " ZN 


tOE 
10g ® cl HIGH Z 
tWR 
Notes: — __ _ 
1. Toggling either OE or CE or both OE and CE will operate 2. Beginning and ending state of I/06 will vary. 
toggle bit. 3. Any address location may be used but the address should not vary. 
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Software Product 
identification Entry 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 90 
TO 
ADDRESS 5555 


PAUSE 20 mS 


Notes for software product identification: 
1. Data Format: [/O7 - I/O0 (Hex); 
Address Format: A14 - AO (Hex). 
2. Al-AlS5S=Vnr. 
Manufacture Code is read for AO = Vy,; 
Device Code is read for AO = Vyq. 
3. The device does not remain in identification mode if 
powered down. 
4. The device returns to standard operation mode. 


ENTER PRODUCT 
IDENTIFICATION 
MODE as} 


ATMEL 


ny Software Product 
Identification Exit 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA FO 
TO 
ADDRESS 5555 


PAUSE 20 mS 


EXIT PRODUCT 
IDENTIFICATION 
MODE (4) 


3-61 


AIMEt 


Ordering Code Operation Range 


AT29LV512-20DC 32D6 Commercial 
AT29LV512-20JC (0° to 70°C) 
AT29LV512-20PC 


AT29LV512-20DI 
AT29LV512-20Jl 
AT29LV512-20PI 


AT29LV512-25DC 
AT29LV512-25JC 
AT29LV512-25PC 


AT29LV512-25DI 
AT29LV512-25Jl 
AT29LV512-25Pl 


tacc Icc (mA) 
Ordering Code Package Operation Range 
AT29LV512-20TC Commercial 
(0° to 70°C) 
AT29LV512-25TC Commercial 
(0° to 70°C) 


Ordering Information 


tacc Icc (MA) 
ns) Standby 


Industrial 
(-40° to 85°C) 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


[2206 | 62 Lead, 0.600" Wide, Non- Windowed, Ceramic Dual nine Package (Cardi) 
[aay | 82 Lead, Plastic Leaded Chip Carier(PLCC) 
[-3aP8 | 82 Lead, 0.600" Wide, Plastic Dual nine Package (PDIP) SSS 
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Features 


e Fast Read Access Time - 90 ns 

e Five-Volt-Only Reprogramming 

e Sector Program Operation 
Single Cycle Reprogram (Erase and Program) 
1024 Sectors (128 bytes/sector) 


Internal Address and Data Latches for 128 Bytes 
e Fast Sector Program Cycle Time - 10 ms 
e Internal Program Control and Timer 1 Meg abit 
e Low Power Dissipation 

50 mA Active Current 

100 A CMOS Standby Current (1 28K X 8) 
e Hardware and Software Data Protection a 
e DATA Polling for End of Program Detection ° Volt Only 
e High Reliability CMOS Technology 

1000 Program Cycles per Sector CMOS 

10-Year Data Retention 
e Single 5 V +10% Supply PEROM 

CMOS and TTL Compatible Inputs and Outputs 

e Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT29C010 is a five-volt-only in-system Programmable and Erasable Read Only Memory 
(PEROM). Its 1 megabit of memory is organized as 131,072 words by 8 bits. Manufactured 
with Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 90 ns 
with power dissipation of just 275 mW over the commercial temperature range. When the 
device is deselected, the CMOS standby current is less than 100 WA. 


continued on next page 


Pin Configurations se ans 


[OE | OutputEnable | 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PLCC and LCC Top View TSOP Top View 
A12 A16 Vcc_NC Type 1 
Ai5 NC WE 


43 2 1 323130 
29 


13 21 

14151617181920 

W's 12 3456 
GND 


Note: PLCC package pin 30 
is a DON’T CONNECT. 
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Description (Continued) 

To allow for simple in-system reprogrammability, the 
AT29C010 does not require high input voltages for program- 
ming. Five-volt-only commands determine the operation of the 
device. Reading data out of the device is similar to reading from 
an EPROM. Reprogramming the AT29C010 is performed on a 
sector basis; 128 bytes of data are loaded into the device and 
then simultaneously programmed. 


Block Diagram 


VCC ——» 
GND ——» 


— OE, CE AND WE 
a LOGIC 
CE 


ADDRESS 
INPUTS 


Device Operation 


READ: The AT29C010 is accessed like an EPROM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


BYTE LOAD: Byte loads are used to enter the 128 bytes of a 
sector to be programmed or the software codes for data protec- 
tion. A byte load is performed by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) and OE high. 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 


PROGRAM: The device is reprogrammed on a sector basis. If 
a byte of data within a sector is to be changed, data for the entire 
sector must be loaded into the device. Any byte that is not 
loaded during the programming of its sector will be erased to 
read FFh. Once the bytes of a sector are loaded into the device, 
they are simultaneously programmed during the internal pro- 
gramming period. After the first data byte has been loaded into 
the device, successive bytes are entered in the same manner. 
Each new byte to be programmed must have its high to low tran- 
sition on WE (or CE) within 150 us of the low to high transition 
of WE (or CE) of the preceding byte. If a high to low transition 
is not detected within 150 us of the last low to high transition, 
the load period will end and the internal programming period 
will start. A7 to A16 specify the sector address. The sector ad- 
dress must be valid during each high to low transition of WE (or 
CE). AO to A6 specify the byte address within the sector. The 
bytes may be loaded in any order; sequential loading is not re- 
quired. 


Y DECODER 


xX DECODER 


During a reprogram cycle, the address locations and 128 bytes 
of data are internally latched, freeing the address and data bus 
for other operations. Following the initiation of a program cycle, 
the device will automatically erase the sector and then program 
the latched data using an internal control timer. The end of a 
program cycle can be detected by DATA polling of 1/07. Once 
the end of a program cycle has been detected, a new access for 
a read or program can begin. 


DATA INPUTS/OUTPUTS 
/00 - VO7 


Cc. . . .  . . a0 


DATA LATCH 
INPUT/OUTPUT 
BUFFERS 
Y-GATING 
CELL MATRIX 


SOFTWARE DATA PROTECTION: A software controlled 
data protection feature is available on the AT29C010. Once the 
software protection is enabled a software algorithm must be is- 
sued to the device before a program may be performed. The 
software protection feature may be enabled or disabled by the 
user; when shipped from Atmel, the software data protection 
feature is disabled. To enable the software data protection, a se- 
ries of three program commands to specific addresses with spe- 
cific data must be performed. After the software data protection 
is enabled the same three program commands must begin each 
program cycle in order for the programs to occur. All software 
program commands must obey the sector program timing spec- 
ifications. Once set, the software data protection feature remains 
active unless its disable command is issued. Power transitions 
will not reset the software data protection feature, however the 
software feature will guard against inadvertent program cycles 
during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, a read operation will effectively be a polling opera- 
tion. 


After the software data protection’s three-byte command code is 
given, a byte load is performed by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) and OE high. 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 

continued on next page 
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Device Operation (Continued) 

The 128 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously programmed during the internal 
programming period. After the first data byte has been loaded 
into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed must have its high to low 
transition on WE (or CE) within 150 us of the low to high tran- 
sition of WE (or CE) of the preceding byte. If a high to low 
transition is not detected within 150 ps of the last low to high 
transition, the load period will end and the internal program- 
ming period will start. A7 to A15 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to A6 specify the byte address within the 
sector. The bytes may be loaded in any order; eel loading 
is not required. 


HARDWARE DATA PROTECTION: Hardware features 
protect against inadvertent programs to the AT29C010 in the 
following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi- 
cal), the program function is inhibited. (b) Vcc power on 
delay— once Vcc has reached the Vcc sense level, the device 
will automatically time out 5 ms (typical) before programming. 
(c) Program inhibit— holding any one of OE low, CE high or 
WE high inhibits program cycles. (d) Noise filter— pulses of 
less than 15 ns (typical) on the WE or CE inputs will not initiate 
a program cycle. 

PRODUCT IDENTIFICATION: The product identification 
mode identifies the device and manufacturer as Atmel. It may be 
accessed by hardware or software operation. The hardware op- 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 


Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 


with Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on OE 


with Respect to Ground -0.6V to +13.5V 


Pin Capacitance (f= 1 MHz, T = 25°C)” 


Note: 1. This parameter is characterized and is not 100% tested. 


Typ Max Units Conditions 
4 6 pF VIN=OV 
8 12 pF Vout = 0V 


eration mode can be used by an external programmer to identify 
the correct programming algorithm for the Atmel product. In 
addition, users may wish to use the software product identifica- 
tion mode to identify the part (i.e. using the device code), and 
have the system software use the appropriate sector size for pro- 
gram operations. In this manner, the user can have a common 
board design for 256K to 4-megabit densities and, with each 
density’s sector size ina memory map, have the system software 
apply the appropriate sector size. 

For details, see Operating Modes (for hardware operation) or 
Software Product Identification. The manufacturer and device 
code is the same for both modes. 


DATA POLLING: The AT29C010 features DATA polling to 
indicate the end of a program cycle. During a program cycle an 
attempted read of the last byte loaded will result in the comple- 
ment of the loaded data on I/O7. Once the program cycle has 
been completed, true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 

TOGGLE BIT: In addition to DATA polling the AT29C010 
provides another method for determining the end of a program 
or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in I/O6 toggling 
between one and zero. Once the program cycle has completed, 
1/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 
OPTIONAL CHIP ERASE MODES: The entire device may 
be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atmel. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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D.C. and A.C. Operating Range 


AT29C010-90 AT29C010-12 AT29C010-15 AT29C010-20 
O’C - 70°C 0°C - 70°C 0°C «70°C 0°c - 70°C 


ioe 40°C -85°C —-40°C-85°C_ —=s-40°C -85°C_—=—-40°C - 85°C 
il. -55°C - 125°C -55°C - 125°C -55°C - 125°C 
5V+10% 5 V+ 10% 5 V+ 10% 5V+10% 
Operating Modes 
Standby/Write Inhibit ViH x") x x High Z 
Program Inhibit X X VIH 
Program Inhibit X VIL X 


Output Disable X VIH X High Z 
mirehe phe fy wii Manufacturer Code™) 


Device Code"? 


Product Identification VIL VIL VIH 


A1-A16 = Vi, AQ = Vu, ~ 
AO = Vin 


Notes: 1. X can be Vi or Vin. 3. Vy =12.0V+0.5 V. 
2. Refer to A.C. Programming Waveforms. 4. Manufacturer Code: 1F, Device Code: DS 


D.C. Characteristics 


Symbol _ Parameter Condition 
Output Leakage Current Vivo = 0 V to Vcc 10 pA 
isa -_ Com. 100 uA 
Vcc Standby Current CMOS CE = Vcc - 0.3V to Vcc 

Ind., Mil. 300 LA 
| Isa2___| Voc Standby Current TTL CE = 2.0 Vto Vcc 3 mA 
Vcc Active Current f = 5 MHz; lout = 0 mA 50 mA 
Output High Voltage CMOS lOH = -100 HA; Voc = 4.5 V 
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A.C. Read Characteristics 


AT29C010-90 | AT29C010-12 | AT29C010-15 | AT29C010-20 
Parameter | Min Max | Min Max_| Min Max | Min Max _ 


Address to Output Delay | 90 | 120 || 150 | 200 | 
CEtoOutputDelay | 90 | 120 || 150 | 200 |g 
toe [OE to OutputDelay | 0 40 | 0 = 50 | O70 | O80 | os 


CE or OE to Output Float 
OH 


Output Hold from OE, CE 
t or Address, whichever 0 
occurred first 


A.C. Read Waveforms 


OUTPUT 
Notes: oe 
1. CE may be delayed up to tacc - tcg after the address transition 3. tp is specified from OE or CE whichever occurs first 
without impact on tacc. (CL = SpF). 
2. OE may be delayed up to tce - tog after the falling edge 4. This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tok after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 5.0V 
3.0V 1.8K 
AC AC OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS 
bee LEVEL 1.3K T 100pF 
tr, te< Sns 
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A.C. Byte Load Characteristics 


Symbol Parameter 


Min M 
jtos | DataSetupTime 8s 
towitoeH | Data OEHoldTime is 


ax Units 
10 


A.C. Byte Load Waveforms- WE Controlled 


OE 

tOEH 

ADDRESS >t | OK 
tAS 


A.C. Byte Load Waveforms- CE Controlled 
OE 


tOEH 
ADDRESS >t | OKC‘ 
tAS 
Kx Y 
tWPH 


AT29C010 


Program Cycle Characteristics 


Symbol Parameter 
Write Cycle Time 


Address Set-up Time 


Address Hold Time 


Data Set-up Time 
Data Hold Time 
Write Pulse Width 


Byte Load Cycle Time 
Write Pulse Width High 


Program Cycle Waveforms 
— —— A 
OE é | -_ 
—e 7 US \S\NS\I VSN 


{DH 
A0-A6 ae 
——— 
AT-A16 bores A LAL | ee 
( 


BYTE O BYTE 1 BYTE 2 BYTE 126 BYTE 127 


Notes: A7 through A16 must specify the sector address during each high to 
low transition of WE (or CE). 
OE must be high when WE and CE are both low. 
All bytes that are not loaded within the sector being programmed 
will be erased to FF. 
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Software Data 
Protection Enable Algorithm “’ 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 
TO 


ADDRESS 5555 (2) 


WRITES ENABLED 


LOAD DATA 
TO (4) 
SECTOR (128 BYTES) 


ENTER DATA 
PROTECT STATE 


Notes for software program code: 
1. Data Format: 1/07 - I/O0 (Hex); 
Address Format: A14 - AO (Hex). 
2. Data Protect state will be activated at end of program cycle. 
3. Data Protect state will be deactivated at end of program period. 
4. 128 bytes of data MUST BE loaded. 


Software Protected Program Cycle Waveform 


Software Data ' 
Protection Disable Algorithm 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 80 
TO 
ADDRESS 5555 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 20 
TO 
ADDRESS 5555 EXIT DATA 


PROTECT STATE is 


LOAD DATA 
SECTOR (128 BYTES) 


) 


__ | ne an; 
OE f -_ 
ceo \L/S/\S\/\/°\/\ 
— tWP IwPH | nan i 
| — Sa 
A0-A6 eat tae BYTE ADDRESS X | = 

es | ae | 5555 

_ 
A7-A16 es a 6a SECTOR ADDRESS 7 

——————— ey 

tDS 
DATA Cm X= Kw XX X77 
BYTE 0 BYTE126. BYTE 127 

-— iwo-—-1 


Notes: 1. A7 through A1l6 must specify the sector address during each high to low 
transition of WE (or CE) after the software code has been entered. 

2. OE must be high when WE and CE are both low. 

3. All bytes that are not loaded within the sector being programmed 


will be erased to FF. 
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Data Polling Characteristics” 


Symbol Parameter Min Typ Max Units 
Data Hold Time 10 ns 


| toch |. OE Hold Time 


OE to Output Delay 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


Symbol Parameter 


tDH Data Hold Time 
OE Hold Time 
OE to Output Delay 
OE High Pulse 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Toggle Bit Waveforms 


soa tOEH 
OE \ / \ 


E 
tDH [0 HIGH Z 


Notes: 

1. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of 1/06 will vary. 

3. Any address location may be used but the address should not vary. 
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Software Product Software Product 


Identification Entry“ Identification Exit “ 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA FO 
TO 
ADDRESS 5555 


LOAD DATA 90 
TO 
ADDRESS 5555 


PAUSE 10 mS 


Notes for software product identification: 
1. Data Format: I/O7 - I/O0 (Hex); 
Address Format: Al14 - AO (Hex). 
2. Al -Al16= Vjz. 
Manufacture Code is read for AO = Vjr; 
Device Code is read for AO = Vy. 
3. The device does not remain in identification mode if 
powered down. 
4. The device returns to standard operation mode. 


ENTER PRODUCT PAUSE 10 mS EXIT PRODUCT 
IDENTIFIGATION IDENTIFICATION 


MODE (2 MODE (4) 
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oO0— Qen——MIAI- OZ 


NORMALIZED SUPPLY CURRENT vs. 
TEMPERATURE 


Temperature (C) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


Frequency (MHz) 


AT29C010 


NORMALIZED SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


oO0o— Qen-—-—wmp eas OZ 
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Ordering Information 


Icc (mA) 
Standby 


Ordering Code Operation Range 


AT29C010-90DC 
AT29C010-90JC 
AT29C010-90LC 
AT29C010-90PC 


AT29C010-90DI 
AT29C010-90JI 
AT29C010-90LI 
AT29C010-90PI 


AT29C010-12DC 
AT29C010-12JC 
AT29C010-12LC 
AT29C010-12PC 


AT29C010-12DI 
AT29C010-12uJl 
AT29C010-12LI 
AT29C010-12PI 


AT29C010-12DM 32D6 
AT29C010-12LM 32L 


AT29C010-12DM/883 32D6 
AT29C010-12LM/883 32L 


AT29C010-15DC 
AT29C010-15JC 
AT29C010-15LC 
AT29C010-15PC 


AT29C010-15DI 
AT29C010-15JI 
AT29C010-15LI 
AT29C010-15PI 


AT29C010-15DM 32D6 
AT29C010-15LM 32L 


AT29C010-15DM/883 
AT29C010-15LM/883 


AT29C010-20DC 
AT29C010-20JC 
AT29C010-20LC 
AT29C010-20PC 


AT29C010-20DI 
AT29C010-20JI 
AT29C010-20LI 
AT29C010-20PI 


AT29C010-20DM 32D6 
AT29C010-20LM 32L 


AT29C010-20DM/883 
AT29C010-20LM/883 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Military 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Military 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


ee 
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Ordering Information 


tacc 
(ns) we Ordering Code Package Operation Range 
AT29C010-12TC Commercial 
(0° to 70°C) 
AT29C010-15TC Commercial 
(0° to 70°C) 


[3206 | 32 Lead, 0600" Wido, Nor Windowed, Ceramic Dual ine Package (Cotip) 
sey | Se Lead, Plastic Leaded Chip Carier PLC) 
sep6 
Peer 


32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
32 Lead, Thin Small Outline Package (TSOP) 
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Features 


e Single 3.3V+ 10% Supply 
Three-Volt-Only Read and Write Operation 
Software Protected Programming 
Low Power Dissipation 
15 mA Active Current 
20 nA CMOS Standby Current 
Fast Read Access Time - 200 ns 
e Sector Program Operation 
Single Cycle Reprogram (Erase and Program) 1 Megabit 
1024 Sectors (128 bytes/sector) " 
Internal Address and Data Latches for 128 Bytes e 
Fast Sector Program Cycle Time - 20 ms Max. 
Internal Program Control and Timer 
DATA Polling for End of Program Detection 
High Reliability CMOS Technology 
1000 Program Cycles per Sector 
10-Year Data Retention ™ 
CMOS and TTL Compatible Inputs and Outputs 
e Commercial and Industrial Temperature Ranges 


Description 


The AT29LV010 is a three-volt-only in-system Programmable Erasable Read O ly Men 
(PEROM). Its one-megabit of memory is organized as 131,072 words by 8 bits.’Mar ; 
with Atmel’s advanced nonvolatile CMOS technology, the device offers 
ns with power dissipation of just 54 mW over the commercial temperat 
device is deselected, the CMOS standby current is less than 20 LA. 


Pin Configurations 


[E___|chipenabie 
[OE | Output Enable 
WE [Write Enable 
[Ne [NoConnect 


PLCC, LCC Top View. 


A1i2 A16 Vcc_N¢ 


TSOP Top View 
Type 1 


13 21 
14151617181920 


W's 12 3456 
GND 


Note: PLCC package pin 30 
is a DON’T CONNECT. 
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Description (Continued) 

To allow for simple in-system reprogrammability, the 
AT29LV010 does not require high input voltages for program- 
ming. Three-volt-only commands determine the operation of 
the device. Reading data out of the device is similar to reading 
from an EPROM. Reprogramming the AT29LV010 is per- 
formed on a sector basis; 128 bytes of data are loaded into the 
device and then simultaneously programmed. 


During a reprogram cycle, the address locations and 128 bytes 
of data are captured at microprocessor speed and internally 


Block Diagram 


VCC ——». 
GND ——> 


OE 
WE 
CE 


ADDRESS 
INPUTS 


Device Operation 


READ: The AT29LV010 is accessed like an EPROM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


SOFTWARE DATA PROTECTION PROGRAMMING: The 
AT29LV010 has 1024 individual sectors, each 128 bytes. Using 
the software data protection feature, byte loads are used to enter 
the 128 bytes of a sector to be programmed. The AT29LV010 
can only be programmed or reprogrammed using the software 
data protection feature. The device is programmed on a sector 
basis. If a byte of data within the sector is to be changed, data for 
the entire 128-byte sector must be loaded into the device. The 
AT29LV010 automatically does a sector erase prior to loading 
the data into the sector. An erase command is not required. 


Software data protection protects the device from inadvertent 
programming. A series of three program commands to specific 
addresses with specific data must be presented to the device be- 
fore programming may occur. The same three program com- 
mands must begin each program operation. All software pro- 
gram commands must obey the sector program timing specifica- 
tions. Power transitions will not reset the software data protec- 


Y DECODER 


X DECODER 


latched, freeing the address and data bus for other operations. 
Following the initiation of a program cycle, the device will au- 
tomatically erase the sector and then program the latched data 
using an internal control timer. The end of a program cycle can 
be detected by DATA polling of 1/07. Once the end of a pro- 
gram cycle has been detected, a new access for a read or pro- 
gram can begin. 


DATA INPUTS/OUTPUTS 
1/00 - VO7 


DATA LATCH 
INPUT/OUTPUT 
BUFFERS 
Y-GATING 
CELL MATRIX 


tion feature, however the software feature will guard against in- 
advertent program cycles during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, a read operation will effectively be a polling opera- 
tion. 


After the software data protection’s three-byte command code is 
given, a byte load is performed by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) and OE high. 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 


The 128 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously programmed during the internal 
programming period. After the first data byte has been loaded 
into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed must have its high to low 
transition on WE (or CE) within 150 ps of the low to high tran- 


continued on next page 
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Device Operation (Continued) 

sition of WE (or CE) of the preceding byte. If a high to low 
transition is not detected within 150 ps of the last low to high 
transition, the load period will end and the internal program- 
ming period will start. A7 to A16 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to A6 specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE DATA PROTECTION: Hardware features 
protect against inadvertent programs to the AT29LVO10 in the 
following ways: (a) Vcc sense— if Vcc is below 1.8 V (typi- 
cal), the program function is inhibited. (b) Vcc power on 
delay— once Vcc has reached the Vcc sense level, the device 
will automatically time out 10 ms (typical) before program- 
ming. (c) Program inhibit— holding any one of OE low, CE 
high or WE high inhibits program cycles. (d) Noise filter— 
pulses of less than 15 ns (typical) on the WE or CE inputs will 
not initiate a program cycle. 

INPUT LEVELS: While operating with a 3.3 V +10% power 
supply, the address inputs and control inputs (OE, CE and WE) 
may be driven from 0 to 5.5 V without adversely affecting the 
operation of the device. The I/O lines can only be driven from 0 
to 3.6 volts. 


PRODUCT IDENTIFICATION: The product identification 
mode identifies the device and manufacturer as Atmel. It may be 
accessed by hardware or software operation. The hardware op- 
eration mode can be used by an external programmer to identify 
the correct programming algorithm for the Atmel product. In 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 


Storage Temperature 


All Input Voltages 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +6.25 V 


All Output Voltages 


with Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on A9 
(including N.C. Pins) 


with Respect to Ground -0.6 V to +13.5 V 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


CouT 


Typ Max Units Conditions 
4 6 pF VIN=0V 
8 12 pF Vout =0 V 


Note: 1. These parameters are characterized and not 100% tested. 


addition, users may wish to use the software product identifica- 
tion mode to identify the part (i.e. using the device code), and 
have the system software use the appropriate sector size for pro- 
gram operations. In this manner, the user can have a common 
board design for 256K to 4-megabit densities and, with each 
density’s sector size ina memory map, have the system software 
apply the appropriate sector size. 

For details, see Operating Modes (for hardware operation) or 
Software Product Identification. The manufacturer and device 
code is the same for both modes. 


DATA POLLING: The AT29LVO010 features DATA polling 
to indicate the end of a program cycle. During a program cycle 
an attempted read of the last byte loaded will result in the com- 
plement of the loaded data on I/O7. Once the program cycle has 
been completed, true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 

TOGGLE BIT: Inaddition to DATA polling the AT29LV010 
provides another method for determining the end of a program 
or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in I/O6 toggling 
between one and zero. Once the program cycle has completed, 
1/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 
OPTIONAL CHIP ERASE MODES: The entire device may 
be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atmel. 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


D.C. and A.C. Operating Range 


AT29LV010-20 AT29LV010-25 
Jomperatire ase) "lik 


Operating Modes 
Mode CE OE WE Al ie) 
Vib Vit VK Ai Dout 
"Program™® | SV Ai Din 
Standby/Write Inhibit ViH x) x X High Z 
Program Inhibit X X VIH 
Program Inhibit X VIL X 
Output Disable X VIH X High Z 
enn =n am ="n Manufacturer Code™) 
Product Identification = lL 
one “ae ee VH Device Code™ 
Notes: 1. X can be Vy, or Vin. 3. Vo = 12.0 V+0.5 V. 
2. Refer to A.C. Programming Waveforms. 4. Manufacturer Code: 1F, Device Code: 35. 
D.C. Characteristics | 
Symbol Parameter Condition Min Max Units 


Output Leakage Current Vivo = 0 V to Vcc 1 pA 
— Com. 20 LA 

sa Vcec Standby Current CMOS CE = Vcc - 0.3 V to Vcc ind. 50 a 

Isso | Vcc Standby Current TTL CE = 2.0 V to Voc 1 mA 
VIL Input Low Voltage 0.6 V 
Input High Voltage 2.0 V 
Output Low Voltage lo. = 1.6 mA; Vcc = 3.0 V 45 V 
Output High Voltage lou = -100 pA; Voc = 3.0V 2.4 V 
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AT29LV010 


A.C. Read Characteristics 


Symbol Parameter pin Mex | Min Max 
tacc__|AddresstoOutput Delay | 0s] ss 
toe |CEtoOutputDelay | | ss 
Se 


Output Hold from OE, CE or Address, 
whichever occurred first 


A.C. Read Waveforms 
ADDRESS 


ADDRESS VALID 


CE 
OE 
OUTPUT 
Notes: a 
1. CE may be delayed up to tacc - tcg after the address transition 3. tpF is specified from OE or CE whichever occurs first 
without impact on tacc. (CL = SpF). 
2. OE may be delayed up to tck - tok after the falling edge 4. This parameter is characterized and is not 100% tested. 


of CE without impact on tcg or by tacc - tog after an address 
change without impact on tacc. 


Input Test Waveforms and Output Test Load 
Measurement Level 3.3V 
2.4V 1.8 
AC AC OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS — LEVEL 1.3K T 100pF 
tR, te<5 ns 
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Program Cycle Characteristics 


oo Oe 
et Akon Beep Tne 
Address Hold Time 


htop Data Set-up Time 100 ns 
ton ss Data Hold Time 10 


200 


Software Protected Byte Load Waveform 


ace Zz ee ff see 
OE (1) 2 As 


Write Pulse Width High 


a 
A7-A16 ae = SECTOR ADDRE 
DATA re Gr Giri XX 7 
BYTE 0 BYTE126 BYTE 
wot 
Netes: a 
1. OE must be high when WE and CE are both low. 3. All bytes that are not loaded within the sector being pro- 
2. A7 through A16 must specify the sector address during each grammed will be erased to FF. 
high to low transition of WE (or CE) after the software code 
has been entered. 


Software Data Protection Write Algorithm “” 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA AO 
TO 
ADDRESS 5555 


hoa Cae 
SECTOR a Ms BYTES) ° 
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WRITES ENABLED @) 


Notes for software program code: 
1. Data Format: I/O7-I/O0 (Hex); 
Address Format: A14—A0 (Hex). 
ENTER DATA 2. Data Protect state will be re-activated at end of program cycle. 


PROTECT STATE 3. 128 bytes of data MUST BE luaded. 


AT29LV010 


A.C. Byte Load Characteristics 


Symbol Parameter Min Max Units 


Address, OE Set-up Time 10 ns 


ft | AddressHoldTime 100s 
Chip Select Set-up Time 0 ns 
Chip Select Hold Time 0 ns 
ftwe Write Pulse Width (WE or CE) 200 ns 
[tos | DataSetupTime 100s 


Data, OE Hold Time 10 ns 
Write Cycle Time 20 ms 


A.C. Byte Load Waveforms During Software Protection °” 


WE Controlled 


OE 

tOEH 
ADDRESS > Ba. ee 
WE .o:@a 


tWPH 
tWP. 
tDS tDH 
DATA IN ;> J 
CE Controlled 
OE 
tOEH 
ADDRESS > | KT 
_ tAS 
CE KKY 
tWPH 
tWP. 
tDS tDH 
DATA IN _-—————— 
Notes: 
1. The software data protection commands must be applied prior 2. A complete sector (128 bytes) should be loaded using these 
to byte loads. waveforms as shown in the Software Protected Byte Load 


waveforms (see previous page). 
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Data Polling Characteristics” 


Symbol Parameter 
tDH Data Hold Time 


Ftoen ___ | OEHok Time 
| toe _—'|_ OE to Output Delay 
Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


Data Polling Waveforms 


WE 

CE F\ oN 

oF VV 
1/07 “a sili 


Symbol Parameter 
tDH Data Hold Time 


| toeH «|: OEHold Time 
/ toe ——s|-« OE to Output Delay 
OE High Pulse 


Write Recovery Time 


Note: 1. These parameters are characterized and not 100% tested. 


(1,3) 


Toggle Bit Waveforms 


— tOEH 
OE \ / \ 


tOE 
06 2 oi HIGH Z pa el 
tWR 
Notes: Le _ __ 
1. Toggling either OE or CE or both OE and CE will operate 2. Beginning and ending state of I/06 will vary. 
toggle bit. 3. Any address location may be used but the address should not vary. 
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Software Product 


Identification Entry “” 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 90 
TO 
ADDRESS 5555 


PAUSE 20 mS 


Notes for software product identification: 
1. Data Format: I/O7 - I/O0 (Hex); 
Address Format: A14 - AO (Hex). 
2. Al-Al6= Vj. 
Manufacture Code is read for AO = V1; 
Device Code is read for AO = Vin. 
3. The device does not remain in identification mode if 
powered down. 
4. The device returns to standard operation mode. 


ENTER PRODUCT 
IDENTIFICATION 
MODE ©) 


AIMEL 


Software Product 
identification Exit 


(1) 


LOAD DATA AA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA FO 
TO 
ADDRESS 5555 


PAUSE 20 mS 


EXIT PRODUCT 
IDENTIFICATION 
MoDE (4) 
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Ordering Code Operation Range 


AT29LV010-20DC 32D6 Commercial 
AT29LV010-20JC (0° to 70°C) 
AT29LV010-20PC 


AT29LV010-20DI 
AT29LV010-20JI 
AT29LV010-20PI 


AT29LV010-25DC 
AT29LV010-25JC 
AT29LV010-25PI 


AT29LV010-25DI 
AT29LV010-25JI 
AT29LV010-25PI 


tacc ae (mA) 
Ordering Code Package Operation Range 
AT29LV010-20TC Commercial 
(0° to 70°C) 
AT29LV010-25TC Commercial 
(0° to 70°C) 


Ordering Information 


tace 
(8) | ratve _[ Stancty 


Industrial 
(-40° to 85°C) 


Commercial 
(0° to 70°C) 


Industrial 
(-40° to 85°C) 


[2208 | 2 Lead, 0.600" Wide, Non Windowed, Ceramic Dual nine Package (Cowie) 
ss | 2 Lead, Pastis Leaded ChipCarier(PLGC) SSCS 
[-2apé | 2 Lead, 0.600" Wide, Piasic ual nine Package PDP) —=~=~“‘“‘SCS*=“‘“‘S*™S 
[aet _| 2Lead, Thin Smal Outine Package (TSOP) SSCSC~“~*~“~*~*~“~S~S~S 
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Features 


Fast Read Access Time - 120 ns 
Five-Volt-Only Read and Program Operation 
Software and Hardware Data Protection 
Sector Program Operation 

Single Cycle Reprogram (Erase and Program) 

1024 Sectors (512 bytes/sector) 

internal Address and Data Latches for 512 Bytes 
e Fast Sector Program Cycle Time - 10 ms 
e Internal Program Control and Timer 
e Low Power Dissipation 

50 mA Active Current : a A. 
100 LA CMOS Standby Current a i » | B 

e DATA Polling for End of Program Detection c | 
High Reliability CMOS Technology 

1000 Program Cycles 

10-Year Data Retention 
Single 5 V + 10% Supply — 
CMOS and TTL Compatible Inputs and Ou 
Full Military, Commercial, and Indust 
DIP is Pin-Compatible with the 


Advance 
sii eek »Information 


The AT29C040 is a five-volt-only 7 


ns with power dissipatio 
device is deselected 
rithm is identical 
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Features 


e Single 3.3 V+ 10% Supply 
Three-Volt-Only Read and Write Operation 

Fast Read Access Time - 250 ns 

Software Protected Programming 

Low Power Dissipation 

15 mA Active Current 

20 pA CMOS Standby Current 
e Sector Program Operation 

Single Cycle Reprogram (Erase and Program) 

1024 Sectors (512 bytes/sector) 

Internal Address and Data Latches for 512 Bytes 
Fast Sector Program Cycle Time - 20 ms Max. 
Internal Program Control and Timer 
DATA Polling for End of Program Detection 
High Reliability CMOS Technology 

1000 Program Cycles per Sector 

10-Year Data Retention ; 
e CMOS and TTL Compatible Inputs and 
e Commercial and Industrial Temperatur 


Description 
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Product Information 
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Section 4 


CMOS EPROMs 


AT27C256R 32K x 8 STOEL Pies en WAGON nxn cutee natasha linc ction 4-3 

AT27LV256R 32K x 8 BOG OVO EPO sekuanerninisresoomaisenierorsawesenntins 4-13 
AT27HC256R 32Kx8 MIGh SpO6G, ZOCK EPROM vvvcscasisnsssedimunnaereessnes 4-21 
AT27C512R 64K x 8 ee AG aes extecessnsdimamnsisiecnasscannicacartieewisecnetes 4-27 
AT27LV512R 64K x 8 TEs So" VOI, EPROM sicsconewcannecassaucsctnsyinasinxanmnats 4-35 
AT27C010/L 128K x 8 PATIENT a nanienestoreniaceseateateaneinamadaeonnarinas 4-43 
AT2/7LV010 128K x 8 THD BVO BP IM isstnss senasnisincanauneaasissnennonsaiaitnnn 4-55 
AT27C1024 64K x 16 THR PN sina cansisiccat salcsicnaptenscastan clecsncansnsisinsansisionon 4-63 
AT27HC1024 64K x 16 High Speed, 1-Mbit EPROM cc.cccscsssssessssccsnnaaneness 4-71 
AT27LV1024 64K x 16 T=BIDIL, S-VOUE BPO vesarasensssssadenarmnanenssinancenaicesion 4-79 
AT27C040 512K x 8 A POROT SE Teo circaniinninastinnnstecaastantbe odesenicevhamehinaveioass 4-87 
AT27LV040 512K x 8 4-Mbit, 3-Volt EPROM............... csecsccccsesssssssssneeees 4-95 


EPROM Application Notes 


Interfacing LV EPROMs on a Mixed 3-Volt/5-Volt Data BUS........... cc eeeeeessseeseeeeeees 4-103 
SVT BPO PAIUY cusdesneaciwecestsveteisnarsaviozarase cies neonate mnavenertore eeepc 4-109 
On-Board, System EPROM Programming with Vcc = 5 VOItS.............::.sscsseseeeseeeseeeens 4-111 
J BA EPPO FASTIN sess os crccceesssncsanasnaviassind sesentlonnse cadeosPesapwaws taen siaxnnusecsunasinats 4-113 
PAC IIV Tere FCN UT TIVAIIICT acs sis cctcnsinnins sn sanserniancrstenaanicicnacnawnasinirec nau camsinaien So anisisbemnasiard 4-117 
FP OTERITUIVAINIG, SOO KGL CIN sis ss ssiisas va vanraseisive ca teas scons ha stasinsonsinnv os selene dnd bl beindskaiwnmewnaivided 4-125 
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Features 


e Fast Read Access Time - 70 ns 
e Low Power CMOS Operation 
100 nA max. Standby 
20 mA max. Active at 5 MHz 
e Wide Selection of JEDEC Standard Packages Including: 
28-Lead 600-mil Cerdip, OTP Plastic DIP, SOIC, or TSOP 
32-Pad LCC, 32-Lead JLCC and OTP PLCC 
e 5V+10% Supply 
e High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
Rapid Programming - 100 ps/byte (typical) 
Two-line Control 
CMOS and TTL Compatible Inputs and Outputs 
integrated Product Identification Code 
Military, Commercial and Industrial Temperature Ranges 


Description 


The AT27C256R chip is a low-power, high performance 262,144 bit Ultraviolet Erasable and 
Electrically Programmable Read Only Memory (EPROM) organized 32K x 8. It requires only 
one 5 V power supply in normal read mode operation. Any byte can be accessed in less than 
70 ns, eliminating the need for speed reducing WAIT states on high performance micro- 
processor systems. 


Atmel’s scaled CMOS technology provides low active power consumption, and fast program- 
ming. Power consumption is typically only 8 mA in Active Mode and less than 10 pA in 
Standby. 


Pin Configurations CDIP, PDIP, SOIC Top 


JOE |OutputEnable 


1 
2 
3 
4 
5 
6 
¢ 
8 
9 


LCC, JLCC, PLCC Top 


A7 VPP VCC A13 
Ai2 NC Al4 


Type 1 


A10 


13 46 17 19 21 
14.16 18 20 


02 NC O04 
01 GND O3 O5 


Note: PLCC Package Pins 1 and 
17 are DON’T CONNECT. 


256K (32K x 8) 
UV 
Erasable 
CMOS 
EPROM 


AIMEL 


Description (Continued) Block Diagram 

The AT27C256R comes in a choice of industry standard Mr —- DATA OUTPUTS 
JEDEC-approved packages including: 28-pin windowed ce- vpP ——> Oarererererererv 
ramic DIP, 28-pin one time programmable (OTP) plastic DIP, OE OE, CE AND ead sant 
28-pin OTP gull wing small outline IC (SOIC), 28-pin OTP thin CE PROGRAM LOGIC BUFFERS 
small outline package (TSOP), 32-pad windowed ceramic lead- 

less chip carrier (LCC), 32-lead windowed J-leaded chip carrier Anita ee ee 
(LCC), and 32-lead OTP plastic J-leaded chip carrier (PLCC). ADDRESS epecoper FL CELL MATRIX _| 


All devices feature two line control (CE, OE) to give designers 
the flexibility to prevent bus contention. 


With high density 32K byte storage capability, the AT27C256R Absolute Maximum Rati ng s* 
allows firmware to be stored reliably and to be accessed by the 


system without the delays of mass storage media. 


_ Temperature Under Bias -55°C to +125°C 
Atmel’s 27C256R has additional features to ensure high quality 
and efficient production use. The Rapid Programming Algo- Storage Temperature -65°C to +150°C 
rithm reduces the time required to program the part and guaran- a 
tees reliable programming. Programming time is typically only Voltage on Any Pin with (1) 
100 s/byte. The Integrated Product Identification Code elec- Respect to Ground -2.0Vto +7.0V 
tronically identifies the device and manufacturer. This feature is Voltage on AQ with 
used by industry standard programming equipment to select the Respect to Ground -20V to +14.0 Vv") 
proper programming algorithms and voltages. 

Vpp Supply Voltage with 

Erasure Characteristics | Respect to Ground -2.0 V to +14.0 Vi) 


The entire memory array of the AT27C256R is erased (all out- Integrated UV Erase Dose 7258 Wesec/cm2 
puts read as Vou) after exposure to ultraviolet light at a wave- 
length of 2537A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 uW/cm? intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 


imum integrated erasure dose of 15 W-sec/cm”. To prevent un- the operational sections of this specification is not implied. 


intentional erasure, an opaque label is recommended to cover Exposure to absolute maximum rating conditions for extended 
the clear window on any UV erasable EPROM which will be periods may affect device reliability. 


subjected to continuous fluorescent indoor lighting or sunlight. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 


Notes: 

1. Minimum voltage is -0.6 V dc which may undershoot to 
-2.0 V for pulses of less than 20 ns. Maximum output pin volt- 
age is Vcc+0.75 V dc which may overshoot to +7.0 V for 
pulses of less than 20 ns. 


Operating Modes 


Mode \ Pin — a Ai ve ves Outputs 


Output Disable x vs vc High Z 


PGM ven eae 
Optional PGM Verify’) i Dout 
PGM Inhibit'?) C High Z 
AO=Vin or ViL ‘ — 
A1-A14=VIL 
Notes: 1. X can be Vy or Vin. 4. Two identifier bytes may be selected. All Ai inputs 
2. Refer to Programming characteristics. are held low (Vi), except A9 which is set to Vy and AO 
3. Vo = 12.0+0.5 V. which is toggled low (Vr) to select the Manufacturer’s Identi- 


fication byte and high (Vy) to select the Device Code byte. 
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AT27C256R 


D.C. and A.C. Operating Conditions for Read Operation 


Operating 
Temperature Ind. 
(Case) 


D.C. and Operating Characteristics for Read Operation 


Symbol Parameter Condition Min Max Units 
Input Load Current Vin = -0.1 V to Voc+1 V 10 UA 


IsB1 (CMOS) Com. 100 WA 
CE = Vcc-0.3 to Voc+1.0 V 

Vcc ‘” Standby Current sd i Ind.,Mil. 200 WA 
Isp2 (TTL) Com. 2 mA 
CE = 2.0 to Vcec+1.0 V Ind.,Mil. 3 mA 


Vcc Active Current f = 5 MHz, lout = 0 mA, 


E=VIL Ind.,Mil. 


Icc 


VIL Input Low Voltage -0.6 0.8 V 
VIH Input High Voltage 2.0 Voc+0.75 V 
Output Low Voltage 


IOH = -100 LA 
IOH = -2.5MA 
IOH = -400 pA 
Voce =520.25 V 3.8 


Notes: 1. Vcc must be applied simultaneously or before Vpp, 2. Vpp may be connected directly to Vcc, except during program- 
and removed simultaneously or after Vpp. ming. The supply current would then be the sum of Icc and Ipp. 


VOH Output High Voltage 


VPP Vpp Read Voltage Vcec+.3 


A.C. Characteristics for Read Operation 
AT27C256R 


Symbol Parameter 


(4) |Address to 


bcc lt _ mi | | 90] 120) 150] 200,250] ns 
tce® [CE to Output Delay OE=Vu | 70| 90 | 120) 150] 200/250] ns _ 


toe © |OEto Output Delay CE=-Vi | 0] 35] 85] 0] 75] 100s 


toe (25) OE or CE High to 
a Output Float 


Output Hold from __ 
Address, CE or OE, 
whichever occurred 
first 


Notes: 2, 3,4, 5. - see AC Waveforms for Read Operation. 


tOH 
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A.C. Waveforms for Read Operation “” 


ADDRESS VALID 


ADDRESS Notes: 


1. Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V, unless otherwise specified. 

2. tpg is specified from OE or CE, whichever oc- 
curs first. Output float is defined as the point 
when data is no longer driven. 

3. OE may be delayed up to tcg-tog after the fall- 
ing edge of CE without impact on tcg. 

4. OE may be delayed up to tacc-tok after the ad- 
dress is valid without impact on tacc. 

5. This parameter is only sampled and is not 100% 


ACC 


HIGH Z 


Lt OUTPUT SN 
XK SK VALID YY 


tested. 
Input Test Waveforms Output Test Load 
and Measurement Levels 1.3V 
2.4V (1N914) 
AC ae AG 3.3K 
DRIVING MEASUREMENT OUTPUT 
LEVELS og LEVEL PIN CL 
0.45V I Note: CL = 100 pF including 
tr, tr< 20 ns (10% to 90%) oe alata 


Pin Capacitance (f= 1MHz, T = 25°C) “” 


Conditions 


Vin=0 V 
Vout = 0 V 
Notes: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Programming Waveforms “” 


READ 
PROGRAM (VERIFY) 
vik eee 
ADDRESS ( ADDRESSSTABLE | — |p 
DATA VIL {DATAL IN _p AVAL IP 
ins -/— tDFP 


VPP 13.0V pe 
5.0V tVPS NOES: a 
1. The Input Timing Reference is 0.8 V for Vir and 
6.5V 2.0 V for VIn. 


VCC sie aa 2. tog and tprp are characteristics of the device but 
tVCS must be accommodated by the programmer. 
a VIH S 


CE . When programming the AT27C256R a 0.1-yF 
VIL a Capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 
OE VIH 


VIL 
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D.C. Programming Characteristics Atmel’s 27C256R Integrated 
Ta = 25+ 5°C, Voc = 6.5 + 0.25 V, Vpp = 13.0+ 0.25 V Product Identification Code 


Pins Hex 
aa * O7 O06 O5 O04 O38 O2 01 Oo |Data 
|Manufacturer|0 0 0 0 1 1 4 1 0 | 1E_ 
Device Type |1 1 0 0 0 1 1 0 0 {8 | 


Rapid Programming Algorithm 

A 100 us CE pulse width is used to program. The address is set 
to the first location. Vcc is raised to 6.5 V and Vpp is raised to 
13.0 V. Each address is first programmed with one 100 ps CE 
pulse without verification. Then a verification/reprogramming 
loop is executed for each address. In the event a byte fails to 


Test Limits 
Parameter Conditions Min Max Units 


Input Load Current Vin=ViL,ViH 10 pA 


Input Low Level (Allinputs) -0.6 0.8 V 
V 


Input High Level 2.0 Vec+1 


Vcc Supply Current 
(Program and Verify) 


AQ Product pass verification, up to 10 successive 100 pts pulses are applied 
Identification with a verification after each pulse. If the byte fails to verify 

Voltage after 10 pulses have been applied, the part is considered failed. 

; a After the byte verifies properly, the next address is selected 

A.C. Programming Characteristics until all have been checked. Vpp is then lowered to 5.0 V and 
Ta = 25+ 5°C, Voc = 6.5 + 0.25 V, Vpp = 13.04 0.25 V Vcc to 5.0 V. All bytes are read again and compared with the 


aot original data to determine if the device passes or fails. 
es 


Sym- Conditions’ Limits 
bol Parameter (see Note 1) Min Max Units 


ys 
Data Hold Time us 


OE High to Out- 
put Float Delay 


ADDR = FIRST LOCATION 
VCC = 6.5V 
VPP=13.0V 


(Note 2) PROGRAM ONE 100 uS PULSE 


tvps | Vpp Setup Time 
Vcc Setup Time 


CE Program 
Pulse Width ee 


Data 


Valid from OE INCREMENT 


eiaate ADDRESS 


* A.C. Conditions of Test: 


Input Rise and Fall Times (10% to 90%) ......... 20 ns 

apt PUISe LEVEIS 6 ck csc ew cuse ceweswed 0.45 V to2.4 V 

Input Timing Reference Level .......... 0.8 V to 2.0 V 

Output Timing Reference Level ......... 0.8 V to2.0 V 
Notes: 


VCC = 5.0V 

1. Vcc must be applied simultaneously or before Vpp and removed si- idhiiaicini 
multaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 Lsec + 5%. 
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Ordering Code Operation Range 


AT27C256R-70DC 
AT27C256R-70KC 
AT27C256R-70LC 


AT27C256R-70DI 
AT27C256R-70K! 
AT27C256R-70LI 


AT27C256R-90DC 
AT27C256R-90JC 
AT27C256R-90KC 
AT27C256R-90LC 
AT27C256R-90PC 
AT27C256R-90RC 


AT27C256R-90DI 
AT27C256R-90uI 
AT27C256R-90KI 
AT27C256R-90LI 
AT27C256R-90PI 
AT27C256R-90RI 


AT27C256R-90DM 
AT27C256R-90KM 
AT27C256R-90LM 


AT27C256R-90DM'883 
AT27C256R-90KM/883 
AT27C256R-90LM/883 


AT27C256R-12DC 
AT27C256R-12JC 
AT27C256R-12KC 
AT27C256R-12LC 
AT27C256R-12PC 
AT27C256R-12RC 


AT27C256R-12DI 
AT27C256R-12JI 
AT27C256R-12KI 
AT27C256R-12L1 
AT27C256R-12PI 
AT27C256R-12RI 


AT27C256R-12DM 
AT27C256R-12KM 
AT27C256R-12LM 


AT27C256R-12DM/883 
AT27C256R-12KM/883 
AT27C256R-12LM/883 


AT27C256R-15DC 
AT27C256R-15JC 
AT27C256R-15KC 
AT27C256R-15LC 
AT27C256R-15PC 
AT27C256R-15RC 


Ordering Information 


tacc ae (mA) 
ue) Standby 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 

Class B, Fully Compliant 

(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 

Class B, Fully Compliant 

(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 
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Ordering Information 


tacc Icc (MA) 
Ordering Code Package Operation Range 
Standby 


AT27C256R-15DI 
AT27C256R-15Jl 
AT27C256R-15KI 
AT27C256R-15L1 
AT27C256R-15PI 
AT27C256R-15RI 


AT27C256R-15DM 
AT27C256R-15KM 
AT27C256R-15LM 


AT27C256R-15DM/883 
AT27C256R-15KM/883 
AT27C256R-15LM/883 


AT27C256R-20DC 
AT27C256R-20JC 
AT27C256R-20KC 
AT27C256R-20LC 
AT27C256R-20PC 
AT27C256R-20RC 


AT27C256R-20DI 
AT27C256R-20Jl 
AT27C256R-20KI 
AT27C256R-20LI 
AT27C256R-20PI 
AT27C256R-20RI 


AT27C256R-20DM 
AT27C256R-20KM 
AT27C256R-20LM 


AT27C256R-20DM/883 
AT27C256R-20KM/883 
AT27C256R-20LM/883 


AT27C256R-25DC 
AT27C256R-25JC 
AT27C256R-25KC 
AT27C256R-25LC 
AT27C256R-25PC 
AT27C256R-25RC 


AT27C256R-25DI 
AT27C256R-25JI 
AT27C256R-25KI 
AT27C256R-25L1 
AT27C256R-25PI 
AT27C256R-25Rl 


AT27C256R-25DM 
AT27C256R-25KM 
AT27C256R-25LM 


AT27C256R-25DM/883 
AT27C256R-25KM/883 
AT27C256R-25LM/883 


industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
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Ordering Information 


Icc (mA) 
Standby 


Ordering Code Operation Range 


5962-86063 07 XX 
5962-86063 07 YX 
5962-86063 07 ZX 


5962-86063 06 XX 
5962-86063 06 YX 
5962-86063 06 ZX 


5962-86063 05 XX 
5962-86063 05 YX 
5962-86063 05 ZX 


5962-86063 04 XX 
5962-86063 04 YX 
5962-86063 04 ZX 


5962-86063 01 XX 
5962-86063 01 YX 
5962-86063 01 ZX 


5962-86063 02 XX 
5962-86063 02 YX 
5962-86063 02 ZX 


5962-86063 03 XX 
5962-86063 03 YX 
5962-86063 03 ZX 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


ins) eo tm") Ordering Code Package Operation Range 
AT27C256R-90TC Commercial 
(0°C to 70°C) 
AT27C256R-12TC | ee 
(0°C to | ee 


AT27C256R-15TC Commercial 

(0°C to 70°C) 

0.1 AT27C256R-20TC 28T Commercial 

(0°C to 70°C) 

250 AT27C256R-25TC 28T Commercial 
(0°C to 70°C) 
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AT27C256R 


Ordering Information 


3aKW | 82 Lead, Windowed, Ceramic J-Leaded Chip Carer) 


32LW 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


| 28R ~—s|_ 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
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Features 


Wide Power Supply Range, 3.0 VDC to 5.5 VDC 
Compatible with JEDEC Standard AT27C256R 
Low Power 3-Volt CMOS Operation 
100 yA max. Standby 
26 mW max. Active at 1 MHz for Vcc = 3.3 VDC 
110 mW max. Active at 5 MHz for Vcc = 5.5 VDC 
Read Access Time - 200ns 
Wide Selection of JEDEC Standard Packages Including OTP 
28-Lead, 600-mil Cerdip and OTP Plastic DIP, SOIC, or TSOP 
32-Pad LCC, 32-Lead JLCC, and OTP PLCC 
High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
Rapid Programming - 100 j1s/byte (typical) 
Two-line Control 
CMOS and TTL Compatible Inputs and Outputs 
integrated Product Identification Code 
Commercial and Industrial Temperature Ranges 


Description 


The AT27LV256R chip is a low power, low voltage 262,144 bit Ultraviolet Erasable and 
Electrically Programmable Read Only Memory (EPROM) organized as 32K x 8 bits. It re- 
quires only one supply in the range of 3.0 to 5.5 VDC in normal read mode operation, making 


it ideal for battery powered systems. 


With a typical power draw of only 18 mW at 1 MHz and Vcc at 3.3 VDC, the AT27LV256R 
will draw less than one-fifth the power of a standard 5-volt EPROM. Standby mode supply 


current is typically less than 10 LWA. 


Pin Configurations 


Outputs 
JOE |OutputEnable 


> O|> 
oma 


1 
2 
3 
4 
5 
6 
7 
8 
9 


LARA 


Oo 
7s) 


LCC, JLCC, PLCC Top View 


A7 VPP VCC A13 , 
A12 NC A14 TSOP Top View 


Type 1 


3 45 17 19 21 
14°16 18 20 


02 NC O04 
01 GND O3 O5 


Note: PLCC Package Pins 1 and 
17 are DON’T CONNECT 


AIMEL 


CDIP, PDIP, SOIC Top View 


256K (32K x 8) 
Low Voltage 
UV 

Erasable 
CMOS 
EPROM 
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Description (Continued) 


The AT27LV256R comes in a choice of industry standard 
JEDEC-approved through hole and surface mount packages in- 
cluding windowed and one time programmable (OTP) pack- 
ages, such as the OTP thin small outline package (TSOP). All 
devices feature two line control (CE, OE) to give designers the 
flexibility to prevent bus contention. 


The AT27LV256R operating with Vcc at 3.0 VDC produces 
TTL level outputs that are compatible with standard TTL logic 
devices operating at Vcc = 5.0 VDC. 


Atmel’s 27LV256R has additional features to ensure high qual- 
ity and efficient production use. The Rapid Programming Algo- 
rithm reduces the time required to program the part and guaran- 
tees reliable programming. Programming time is typically only 
100 ps/byte. The Integrated Product Identification Code elec- 
tronically identifies the device and manufacturer. This feature is 
used by industry standard programming equipment to select the 
proper programming algorithms and_ voltages. The 
AT27LV256R programs identically as an AT27C256R. 


Erasure Characteristics 


The entire memory array of the AT27LV256R is erased (all out- 
puts read as Vou) after exposure to ultraviolet light at a wave- 
length of 2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 uW/cm? intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W-sec/cm”. To prevent un- 
intentional erasure, an opaque label is recommended to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous fluorescent indoor lighting or sunlight. 


Operating Modes 


Read 

Output Disable 
Standby 

Rapid Program?) 


PGM Verity!) 
Optional PGM Verify’) 
PGM Inhibit'2) 


Product 
Identification'*)(4) 


Notes: 1. X can be Vy or Vu. 
2. Refer to Programming characteristics. Programming 
modes require Vcc > 4.5 V. 
3. Va = 12.0£0.5 V. 
4. Two identifier bytes may be selected. All Ai inputs are 


Block Diagram 


VCC —s DATA OUTPUTS 
i 00 - 07 
vPP —> TON TTT: 


OE OE, CE AND os OUTPUT 
CE PROGRAM LOGIC BUFFERS 


Y DECODER ere Y-GATING 
A0-A14 


ee 
r "| — CELL MATRIX 
X DECODER 
IDENTIFICATION 


Absolute Maximum Ratings* 


INPUTS 


Temperature Under Bias -40°C to +85°C 
Storage Temperature -65°C to +125°C 


Voltage on Any Pin with 
Respect to Ground -2.0 V to +7.0 V"") 


Voltage on AQ with 
Respect to Ground -2.0 V to +14.0 Vv") 


Vpp Supply Voltage with 
Respect to Ground -2.0 Vto +14.0 V") 


Integrated UV Erase Dose 7258 Wesec/cm* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Notes: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc + 0.75 V dc which may be exceeded if certain precau- 
tions are observed (consult application notes) and which may 
overshoot to +7.0 V for pulses of less than 20 ns. 


DouT 
Vcc High Z 
Vcc High Z 
DIN 
DouT 
DouT 
High Z 


* (3) 
Peel mn Identification 


A1-A14=ViL Code 


held low (Vj), except A9 which is set to Vy and AO 

which is toggled low (Viz) to select the Manufacturer’s Ident- 

ification byte and high (Vj) to select the Device Code byte. 
5. Standby Vcc Current (Isp) is specified with Vpp=Vcc. Vcc > 

Vpp will cause a slight increase in Isp. 


4-14 i islcte 


ee mee ee eee tel a 


D.C. and A.C. Operating Conditions for Read Operation 


AT27LV256R 
< -2 


20 5 
Operating Temperature Com. 0°C - 70°C o°C- 70°C 
(Case) Ind. -40°C - 85°C -40°C - 85°C 
Vcc Power Supply 3.0Vto5.5V 3.0Vto5.5V 


D.C. and Operating Characteristics for Read Operation 
(VCC = 3.0V to 5.5V unless otherwise specified) 


Symbol Parameter Condition Min Max Units 
Te Input Load Current Vin = -0.1 V to Vec+1 V 10 pA 
Output Leakage Current Vout = -0.1 V to Vec+0.1 V 10 UA 
Vpp “) Read/Standby Current Vpp = Vcc-0.7 V to Vcc+0.3 V 1 yA 
Isp1 (CMOS), 
Voc Standby Current CE = Vcc-0.3 to Vcc+1.0 V 
Isp2 (TTL), CE=2.0 to Vcoc+1.0V 
f = 5 MHz, lout = 0 mA, Com. 
Icc Vcc Active Current 
f = 1 MHz, lour=0 mA Com. 
E=Vit, Voc =3.3 V Ind. 
Input Low Voltage -0.6 0.8 V 
VIH Input High Voltage 2.0 Voc+0.75 V 
Output Low Voltage lol = 2.1 mA 45 V 
IOH = -100 Vcc-0.3 V 
VOH Output High Voltage a ze ce 
IOH = -400 HA 2.4 V 
Notes: 1. Vcc must be applied simultaneously or before Vpp, 2. Vpp may be connected directly to Vcc, except during program- 
and removed simultaneously or after Vpp. ming. The supply current would then be the sum of Icc and Ipp. 


A.C. Characteristics for Read Operation (Vcc = 3.0 Vto5.5V 


) 
AT27LV256R 
-20 -25 


Symbol Parameter Condition | Min Max | Min Max 


E High to Output Float 
Output Hold from Address, CE or OE, 
whichever occurred first 


Notes: 2, 3,4, 5. - see AC Waveforms for Read Operation. 


tce @ 
tpF*” 
tOH 


AIMmEt 


A.C. Waveforms for Read Operation “”’ 


4 ADDRESS VALID p 


ADDRESS 


HIGH Z ff OUTPUT _|N 
XK VALID YY 


2.4V 
AC 2.0 AC 
DRIVING MEASUREMENT 
LEVELS o.g LEVEL 
0.45V 


tr, te < 20 ns (10% to 90%) 


Pin Capacitance (f= 1 MHz, T=25°C) “” 


Notes: 

1. Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. See Input Test Waveforms and Measure- 
ment Levels. 

2. OE may be delayed up to tcg-tog after the fall- 
ing edge of CE without impact on tcg. 

3. OE may be delayed up to tacc-tog after the ad- 
dress is valid without impact on tacc. 

4. This parameter is only sampled and is not 100% 
tested. 

5. Output float is defined as the point when data is 
no longer driven. 


Output Test Load 


1.3V 
(1N914) 
3.3K 
OUTPUT 
PIN ee 


y 


Note: Cl = 100 pF 
including jig capacitance. 


Conditions 


Vin =O0V 


Programming Waveforms “’ 


READ 
PROGRAM (VERIFY) 
vik i ee 
ADDRESS | ( ADDRESS STABLE | | dp 


tAS tAH 
VIH 
DATA {DATA ; AAD |) 


a = 
VPP 13.0V | 
5.0V tVPS 
6.5V 


vcc 
pores VIH 


CE 

ee ty 
OE VIH 

VIL 
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VouT = 0 V 
Notes: 1. Typical values for 5-V supply voltage. This parameter is only sampled and is not 100% tested. 


Notes: 

1. The Input Timing Reference is 0.8 V for Vir and 
2.0 V for Vin. 

2. tog and tprp are characteristics of the device but 
must be accommodated by the programmer. 

3. When programming the AT27LV256R a 0.1-pF 
Capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming Characteristics 
Ta = 25+ 5°C, Voc =6.5+ 0.25 V, Vpp=13.0+ 0.25 V 


Test Limits 
Conditions Min Max Units 


Sym- 
bol Parameter 


! 


Output High Volt. lon=-400 pA 2.4 V 

Vcc Supply Current 

(Program and Verify) as mA 
Vpp Current CE=Vi 25 mA 
V 


AQ Product 
Vip | Identification 
Voltage 


A.C. Programming Characteristics 
Ta = 25+5°C, Voc = 6.5+ 0.25 V, Vpp = 13.0+ 0.25 V 


VOH 


11.5 12.5 


Test 
Sym- Conditions* Limits 
bol Parameter (see Note 1) Min Max Units 


Address Setup Time us 
OES OE Setup Time 
Data Setup Time 


Address Hold Time 
tbH | Data Hold Time 


OE High to Out- 
put Float Delay ‘Note 2) ns 
Vpp Setup Time Ss 
S 


vt 
Vcc Setup Time 2 m 
CE Program 
PW | Pulse Width 
Data __ 
Valid from OE 


* A.C. Conditions of Test: 


(Note 3) 95 


105 = us 


(Note 2) 


Input Rise and Fall Times (10% to 90%) ......... 20 ns 

Fipit Pulse Levels : csc ecccccnsevaouas 0.45 V 02.4 V 

Input Timing Reference Level .......... 0.8 V to2.0 V 

Output Timing Reference Level ......... 0.8 V to 2.0 V 
Notes: 


1. Vcc must be applied simultaneously or before Vpp and removed 
simultaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 [sec 5%. 
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Atmel’s 27LV256R Inte rate 
Product Identification Code 


J Pins Hex 
‘uae. ti O07 O06 O5 O04 O38 O2 01 Oo |Data 


|Manufacturer|0 0 0 0 1 1 1 1 0 | 1E | 
Device Type |1 1 0 0 0 1 1 «0 0 jac | 


Note: 


Code as the AT27C256R. Both are programming 
compatible. 


Rapid Programming Algorithm 

A 100 us CE pulse width is used to program. The address is set 
to the first location. Vcc is raised to 6.5 V and Vpp is raised to 
13.0 V. Each address is first programmed with one 100 ps CE 
pulse without verification. Then a verification/reprogramming 
loop is executed for each address. In the event a byte fails to 
pass verification, up to 10 successive 100 Us pulses are applied 
with a verification after each pulse. If the byte fails to verify 
after 10 pulses have been applied, the part is considered failed. 
After the byte verifies properly, the next address is selected 
until all have been checked. Vpp is then lowered to 5.0 V and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 


ADDR = FIRST LOCATION 
VCC = 6.5V 
VPP=13.0V 


PROGRAM ONE 100 uS PULSE 


DEVICE 
PASSED 
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LV EPROM Product Characteristics 


NORMALIZED SUPPLY CURRENT vs. FREQUENCY NORMALIZED SUPPLY CURRENT vs. VOLTAGE 
Temp = 25°C, IOUT = 0, CE = VIL . Temp = 25°C, IOUT = 0, CE = VIL 
N N 
fe) fe) 
r r 
m m 
a a 
| | 
i i 
Zz z 
e e 
d d 


3.0 3.5 4.0 4.5 5.0 5.5 6.0 


Supply Voltage (Volts) 


NORMALIZED ACCESS TIME vs. TEMPERATURE NORMALIZED SUPPLY CURRENT vs. TEMP. 
Frequency = 1 MHz, IOUT =0 
" N 
° ° 
J r 
ie m 
= a 
: | 
i 
2 | | |veckssv| | 
e ee 
: ee Se Herd SE ee 
-55 25 5 35 65 95 125 
Temperature (°C Temperature (°C) 
NORMALIZED ACCES TIME vs. SUPPLY VOLTAGE OUTPUT SINK CURRENT vs. OUTPUT VOLTAGE 
Temp = 25°C Temp = 25°C 
N 
fe) 
r 
m 
a 
| 
z 
e 
d 


3.0 3.5 4.0 45 5.0 5.5 6.0 0 1 


Supply Voltage (Volts) 


OUTPUT SOURCE CURRENT vs. OUTPUT VOLTAGE 


—-7, on7r nr CQ 


»>s 
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AT27LV256R-20DC 
AT27LV256R-20JC 
AT27LV256R-20KC 
AT27LV256R-20LC 
AT27LV256R-20PC 
AT27LV256R-20RC 


AT27LV256R-20DI 
AT27LV256R-20KI 
AT27LV256R-20LI 


AT27LV256R-25DC 
AT27LV256R-25JC 
AT27LV256R-25KC 
AT27LV256R-25LC 
AT27LV256R-25PC 
AT27LV256R-25RC 


AT2/7LV256R-25DI 
AT27LV256R-25K\ 
AT27LV256R-25LI 


Icc (mA) 
tac - 
ie Vec = 3.3 V Ordering Code Package 
200 0.1 AT27LV256R-20TC 28T Commercial 
(0° to 70°C) 


(0° to 70°C) 


Ordering Information 


Icc (mA) 
Voc =3.3 V 


Standby 


Operation Range 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Operation Range 


Package Type 

28 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
32J 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 

| 32KW 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 

32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 
| 28R ~—s|_- 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
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Features 


e Bipolar Speed in JEDEC Standard EPROM Pinout 
Read Access Time - 55 ns 
28-Lead 600 mil CERDIP and OTP Plastic DIP 
32-Pad LCC and JLCC 

e Low Power CMOS Operation 
50 mA max. Active at 10 MHz 


e High Output Drive Capability 

e High Reliablity Latch-Up Resistant CMOS Technology 

e Rapid Programming - 100 us/byte (typical) 

e Two-line Control 256K (32K X 8) 
e CMOS and TTL Compatible Inputs and Outputs . 

e Integrated Product Identification Code High Speed 

e Full Military, Industrial and Commercial Temperature Ranges UV 


Erasable 
Description CMOS 


The AT27HC256R is a high-speed, low-power 262,144 bit Ultraviolet Erasable and Electri- E PR OM 
cally Programmable Read Only Memory (EPROM) organized as 32K x 8 bits. The 

AT27HC256R is suited for very high-speed applications, and requires only one 5 V power 
supply in normal read mode operation. Any byte can be accessed in less than 55 ns on the 
AT27HC256R, making this part ideal for high-performance systems. Power consumption is 
typically only 35 mA in Active Mode, and less than 15 mA in Standby Mode. 


Atmel’s high-speed CMOS technology provides optimum speed, lower power and high noise 
immunity. The high-speed CMOS process is an extension of Atmel’s high quality and highly 
manufacturable floating poly EPROM technology. 


Pin Configurations 


JOE |OutputEnable 


LCC, JLCC DIP 
Top View Top View 
A7 VPP VCC A13 


Ai2 NC Ai4 


1 
2 
3 
4 
5 
6 
7 
8 
9 


1345 17 19 21 
14.16 18 20 


O02 NC O04 
01 GND O3 O5 
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Description (Continued) Block Diagram 
The AT27HC256R comes in a choice of industry standard VCC ——+. DATA OUTPUTS 
JEDEC-approved packages including: 28-pin DIP ceramic, 32- oo. At 


pad ceramic leadless chip carrier (LCC), and 32-lead ceramic 


(JLCC). The device features two-line control (CE, OE) to give = ee bles 
designers the flexibility to prevent bus contention. 

| | : [yorcooen | __vGaTn 
With a storage capacity of 32K bytes, Atmel’s 27HC256R al- AO-A14 cet marx | 
lows firmware to be stored reliably and to be accessed at very re X DECODER ~ 


IDENTIFICATION 


high speeds. The AT27HC256R has exceptional output drive 
capability — source 4 mA and sink 16 mA per output. 

The AT27HC256R has additional features to ensure high-qual- Absolute Maximum Rati ng s* 
ity and efficient production use. The Rapid programming algo- 
rithm reduces the time required to program the chip and guaran- 


. ) ° 

tees reliable programming. The Integrated Product Identifica- Temperature Under Bias “55°C to +125°C 

tion Code electronically identifies the device and manufacturing Storage Temperature -65°C to +150°C 

origin. This feature is used by industry standard programming 

equipment to select the proper programming algorithms and Voltage on Any Pin with 

voltages. Respect to Ground -2.0 V to +7.0 Vv") 
+h Voltage on AQ with 

Erasure Characteristics Respect to Ground -2.0 V to +14.0 V™) 

The entire memory array of the AT27HC2S56R is erased (all out- 

puts read as Vou) after exposure to ultraviolet light at a wave- Vpp Supply Voltage with (1) 

length of 2537A. Complete erasure is assured after a minimum Respect to Ground -2.0V to +14.0V 


of 20 minutes exposure using 12,000 uW/cm intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 


Integrated UV Erase Dose 7258 Wesec/cm* 


imum integrated erasure dose of 15 W-sec/cm”. To prevent un- *NOTICE: Stresses beyond those listed under "Absolute Maxi- 
intentional erasure, an opaque label is recommended to cover mum Ratings" may cause permanent damage to the device. 
the clear window on any UV erasable EPROM which will be This is a stress rating only and functional operation of the de- 


vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


subjected to continuous fluorescent indoor lighting or sunlight. 


Notes: 

1. Minimum voltage is -0.6 V de which may undershoot to -2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc +0.75 V de which may overshoot to +7.0 V for pulses of 
less than 20 ns. 


Operating Modes 
Mode \ Pin CE OE Ai Vpp Vcc Outputs 


Output Disable VIL VIH x") Vcc Voc High Z 
Standby VIH X X Vcc Vcc High Z 
Rapid Program?) VIL VIH Ai VPP Vcc DIN 

X Ai 


PGM Verify‘) VIL VPP Voc Dout 
Optional PGM Verify‘) VIL VIL Ai Voc Voc DouT 
PGM Inhibit‘? VIH ViH x Vpp Voc High Z 


AQ = Vy © ad 
Product Identification‘) Vit VIL AO = Vin or ViL Wee Wee Kermeanon 
A1-A14 = VIL 


Notes: 1. X can be Vy or Vu. 4. Two identifier bytes may be selected. All Ai inputs are held 
2. Refer to Programming characteristics. low (VIL), except A9 which is set to Vy and AO which is tog- 
3. Vo = 12.0+0.5 V. gled low (Vjz) to select the Manufacturer’s Identification byte 


and high (Vy) to select the Device Code byte. 
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D.C. and A.C. Operating Conditions for Read Operation 


AT27HC256R 


-55 -70 
Operating 0°C - 70°C OO» 70 C 


Temperature -40°C - 85°C -40°C - 85°C 
(Case i 55° 125°C 


Vcc Power Supply 5V+10% 5V+10% 


D.C. and Operating Characteristics for Read Operation 


Symbol Parameter Condition Min Max Units 


Input Load Current Vin = -0.1 Vto Voc +1V 10 pA 
Output Leakage Current VouT = -0.1 V to Vcc + 0.1 V 10 LA 
20 pA 


Vpp ‘) Read/Standby Current Vpp = 3.8 to Vcc+0.3 V 


IsB1 (CMOS) 
CE = Vcc-0.3 to Vcc+1.0 V 


Isp2 (TTL) 
CE = 2.0 to Vcc+1.0 V 


. f = 10 MHz, lout=0 mA, 
Vcc Active Current CE = Vi 


Voc Standby Current 


Input Low Voltage 0.8 
Input High Voltage Voc+0.75 
Output Low Voltage loL.=16mA 
IOH = -100 LA 
Output High Voltage loH = -2.5mMA 
Vpp Read Voltage YVooc=5Si05V 
Notes: 1. Vcc must be applied simultaneously or before Vpp, 2. Wpp may be connected directly to Vcc, except during program- 
and removed simultaneously or after Vpp. ming. The supply current would then be the sum of Icc and Ipp. 


A.C. Characteristics for Read Operation 


AT27HC256R 
-55 -70 


Symbol Parameter Condition | Min Max 
CE=O0£ Coming | 55 | 
Address to Output Delay SS 


Mil. 
CE to Output Delay 


55 
OE to Output Delay 
OE or CE High to Output Float 


Output Hold from Address, CE or 
OE, whichever occurred first 


Notes: 2,3, 4,5.-see AC Waveforms for Read Operation 
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A.C. Waveforms for Read Operation “” 


ADDRESS VALID 


Notes: 

1. Timing measurement reference is 1.5 V. Input 
AC driving levels are 0.0 V and 3.0 V, unless 
otherwise specified. 

Cy = 30 pF, add 10 ns for Cy = 100 pF. 

2. tpF is specified from OE or CE, whichever oc- 
curs first. tor is measured at Vouy-0.5 V or 
Voi+0.5 V with CL = 5 pF. 

3. OE may be delayed up to tcg-tog after the falling 
edge of CE without impact on tck. 

4. OE may be delayed up to tacc-tor after the ad- 


ADDRESS 


OUTPUT. AGH 2 cK oureuT tS dress is valid without impact on tacc. 
YX vain Ay 5. This parameter is only sampled and is not 100% 
tested. 
Input Test Waveforms Output Test Load 
and Measurement Levels 5.0V 
3.0V 250 
AC AC OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS LEVEL 167 CL eee 
00V— J Note: CL = 30 pF including jig 
capacitance. 


tr, te< 5 ns (10% to 90%) 


Pin Capacitance (f= 1MHz, T= 25°C) “” 


Conditions 


Vin=O0V 
VouT = 0 V 
Notes: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Programming Waveforms “’ 


READ 
PROGRAM (VERIFY) 
vIH [tease te 
ADDRESS | : ADDRESS STABLE i: 


tAS tAH 
Vin DATA OUT 
DATA { DATA , qaieee! 


VPP 13.0V Ls 
5.0V tVPS 
Notes: 
6.5V 1. Timing measurement reference is 1.5 V. Input 


ska 5.0V > | AC driving levels are 0.0 V and 3.0 V, unless 
oie ve otherwise specified. 


CE hah 2. tog and tprp are characteristics of the device but 
vit rw ey must be accommodated by the programmer. 
3. When programming the AT27HC2S56R a 0.1-uF 
OE win Capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 
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D.C. Programming Characteristics Atmel’s 27HC256R Integrated 
Ta = 25+5°C, Voc = 6.5 + 0.25 V, Vpp = 13.04 0.25 V Product Identification Code 


Pins | Hex 
Codes AO O7 O6 O5 O04 O38 O2 O01 Oo |Data 


oo 0 O11 1 1 0] 1E | 
Input LowLevel  (Allinputs) -0.6 0.8 DeviceType |}1 1 0 0 1 0 1 0 0 | 94 
Input High Level 2.0 Vecc+1 


Rapid Programming Algorithm 


Output High Volt. lon=-4.0mA 2.4 A 100 ps CE pulse width is used to program. The address is set 
Voc Supply Current to the first location. Vcc is raised to 6.5 V and Vpp is raised to 
loca (Program and Verify) 13.0 V. Each address is first programmed with one 100 Ls CE 
Vpp Supply pulse without verification. Then a verification/reprogramming 
Curent CE = Vi loop is executed for each address. In the event a byte fails to 
AQ Product pass verification, up to 10 successive 100 Ls pulses are applied 
Vip _ | Identification with a verification after each pulse. If the byte fails to verify 
Voltage after 10 pulses have been applied, the part is considered failed. 
After the byte verifies properly, the next address is selected 
until all have been checked. Vpp is then lowered to 5.0 V and 
Vcc to 5.0 V. All bytes are read again and compared with the 


Sym- Test Limits 
bol Parameter Conditions Min Max Units 


Input Load Current Vin = Vit, ViH 


A.C. Programming Characteristics 
Ta = 25 + 5°C, Voc = 6.5 + 0.25 V, Vpp = 13.04 0.25 V original data to determine if the device passes or fails. 


Test 
Sym- Conditions* Limits 
bol Parameter (see Note 1) Min Max Units 


Address Setup 
Time 


OE Setup Time 
Data Setup Time 


Address Hold 
Time 


Data Hold Time 


OE High to Out- 
put Float Delay 


ADDR = FIRST LOCATION 
VCC = 6.5V 
VPP=13.0V 


PROGRAM ONE 100 uS PULSE 


DH 


pau 
w 
oO 


D (Note 2) 0 


vPs_| Vpp Setup Time 


VCS 


Vcc Setup Time 


- ten cl (Note 3) 95 105 


Data Valid from OE 


* A.C. Conditions of Test: 


_ ao | — oo 
< mu 


Input Rise and Fall Times (10% to 90%) .......... 5 ns 

Input Pulse Levels....24sceeevsdvazedess 0.0 V to 3.0 V 

Input Timing Reterence Level 240506006 0x cee nae 15 V 

Output Timing Reference Level ................ Lov 
Notes: 


COMPARE 
ALL BYTES 


DEVICE 
PASSED 
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1. Vcc must be applied simultaneously or before V pp and re- 
moved simultaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 psec +5%. 
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Ordering Information 


cc (mA) Ordering Code Package Operation Range 
__ Active _| Standby | 


AT27HC256R-55DC Commercial 
AT27HC256R-55KC (0°C to 70°C) 
AT27HC256R-55LC 


AT27HC256R-55DI Industrial 
AT27HC256R-55KI (-40°C to 85°C) 
AT27HC256R-55LI 


AT27HC256R-70DC Commercial 
AT27HC256R-70KC 
AT27HC256R-70LC 


AT27HC256R-70DI 28DW6 _ 
AT27HC256R-70K 32KW 
AT27HC256R-70LI 32LW 


AT27HC256R-70DM 28DW6 Military 
AT27HC256R-70LM 32LW (-55°C to 125°C) 
AT27HC256R-70DM/883 Military/883C 
AT27HC256R-70LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 
5962-86063 08 XX Military/883C 


5962-86063 08 YX Class B, Fully Compliant 
(-55°C to 125°C) 


t 
inal a Ordering Code Package Operation Range 
70 AT27HC256R-70KM 32KW Military 
(-55°C to 125°C) 


AT27HC256R-70KM 32KW Military/883C 


Class B, Fully Compliant 
Bani oo — 


(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 
28DW6 28 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


| 32KWw 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


32LW 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
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Features 


e Fast Read Access Time - 90 ns 
e Low Power CMOS Operation 
100 LA max. Standby 
20 mA max. Active at 5 MHz 
e Wide Selection of JEDEC Standard Packages 
28-Lead 600-mil Cerdip and OTP Plastic DIP, SOIC, or TSOP 
32-Pad LCC, 32-Lead JLCC and OTP PLCC 
e 5V+10% Supply 
e High Reliability CMOS Technology 


512K (64K x 8) 


2000 V ESD Protection UV ao 
200 mA Latchup Immunity 

e Rapid Programming - 100 ys/byte (typical) Erasable 

¢ Two-line Control 

e CMOS and TTL Compatible Inputs and Outputs CMOS 

e integrated Product Identification Code 

e Military, Commercial and Industrial Temperature Ranges EPROM 

Description 


The AT27C512R chip is a low-power, high performance 524,288 bit Ultraviolet Erasable 
and Electrically Programmable Read Only Memory (EPROM) organized 64K x 8. It requires 
only one 5 V power supply in normal read mode operation. Any byte can be accessed in less 
than 90 ns, eliminating the need for speed reducing WAIT states on high performance micro- 
processor systems. 

Atmel’s scaled CMOS technology provides high speed, lower active power consumption, 
and significantly faster programming. Power consumption is typically only 8 mA in Active 
Mode and less than 10 LA in Standby. 


Pin Configurations BIR, POI, SOR Tp 


Chip Enable 
Output Enable 


1 
2 
3 
4 
5 
6 
7 
8 
9 


LCC, JLCC, PLCC Top 


A7 A1i5 VCC A13 
A12 NC A14 


TSOP Top View 
Type 1 


31517, 19 2! 
14-16 18 20 


O02 NC 04 
01 GND O3 O5 


Note: PLCC Package Pins 1 and 17 
are DON’T CONNECT. 
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Description (Continued) 


The AT27C512R comes in a choice of industry standard 
JEDEC-approved packages including; 28-pin windowed cer- 
amic DIP, 28-pin one time programmable (OTP) plastic DIP, 
28-pin OTP gull-wing small outline IC (SOIC), 28-pin OTP thin 
small outline package (TSOP), 32-pad windowed ceramic lead- 
less chip carrier (LCC), 32-lead windowed J-leaded chip carrier 
(JLCC), and 32-lead OTP plastic J-leaded chip carrier (PLCC). 
All devices feature two line control (CE, OE) to give designers 
the flexibility to prevent bus contention. 


With high density 64K byte storage capability, the AT27C512R 
allows firmware to be stored reliably and to be accessed by the 
system without the delays of mass storage media. 


Atmel’s 27C512R has additional features to ensure high quality 
and efficient production use. The Rapid Programming Algo- 
rithm reduces the time required to program the part and guaran- 
tees reliable programming. Programming time is typically only 
100 s/byte. The Integrated Product Identification Code elec- 
tronically identifies the device and manufacturer. This feature is 
used by industry standard programming equipment to select the 
proper programming algorithms and voltages. 


Erasure Characteristics 


The entire memory array of the AT27C512R is erased (all out- 
puts read as Vou) after exposure to ultraviolet light at a wave- 
length of 2537A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 uW/cm* intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W-sec/cm”. To prevent un- 
intentional erasure, an opaque label is recommended to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous fluorescent indoor lighting or sunlight. 


Operating Modes 
Mode \ Pin = 


oe 


Block Diagram 
DATA OUTPUTS 
VCC ——» 00 - 07 
GND —> : 


OE, CE AND 


OUTPUT 
PROGRAM LOGIC a4 BUFFERS 


Y DECODER }— Y-GATING 
AO-A15 
ADDRESS CELL MATRIX 
INPUTS X DECODER 


IDENTIFICATION 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 


Respect to Ground -2.0 V to +7.0 Vi) 


Voltage on AQ with 


Respect to Ground -2.0 V to +14.0 Vv") 


Vpp Supply Voltage with 


Respect to Ground -2.0 V to +14.0 V") 


Integrated UV Erase Dose 7258 Wesec/cm* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 

1. Minimum voltage is -0.6 V de which may undershoot to -2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc+0.75 V de which may overshoot to +7.0 V for pulses of 
less than 20 ns. 


Vcc Outputs 


PGM Verify a 


PGM Inhibit c = - 


svat 
AO=VIH or 7 
A1-A15=VIL 


4. Two identifier bytes may be selected. All Ai inputs are held 
low (Vj1), except A9 which is set to Vy and AO which is tog- 
gled low (Vir) to select the Manufacturer’s Identification byte 
and high (Vy) to select the Device Code byte. 


High Z 


Identification 


sg: nas. (4) 
Product Identification Code 


Notes: 1. X can be Vy or Vy. 


2. Refer to Programming characteristics. 
3. Va = 12.0205 V. 
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D.C. and A.C. Operating Conditions for Read Operation 


AT27C512R 


-90 “12 “15 -20 -25 
Operating 0°C - 70°C o°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C 


Temperature Ind. -40°C.- 85°C -40°C - 85°C -40°C - 85°C -40°C - 85°C -40°C - 85°C 
(Case) Mil. -55°C - 125°C | -55°C-125°C | -55°C-125°C | -55°C-125°C | -55°C- 125°C 


Vc Power Supply 5V+10% 5V+10% 5V+10% 5V+10% 5V+10% 


D.C. and Operating Characteristics for Read Operation 


Symbol Parameter Condition Min 
IL Input Load Current Vin = -0.1 V to Voc+1 V 
ILO Output Leakage Current Vout = -0.1 V to Vcc+0.1 V 
Isp1 (CMOS) Com. 
IsB Vec ‘” Standby Current = ea ee 200 BA 
Isp2 (TTL) Com. 1 mA 
CE = 2.0 to Vcc+1.0 V Ind.,Mil. 2 mA 
loc Vcc Active Current oe vie 
Input Low Voltage 06 08 V 
VIH Input High Voltage 2.0 Vocc+0.75 V 
Output Low Voltage lo. = 2.1mA 5 V 
loH = -100 LA Vcc-0.3 V 
VOH Output High Voltage lon = -2.5 mA 3.5 V 
loH = -400 A 2.4 V 


Notes: 1. Vcc must be applied simultaneously or before OE/Vpp, and removed simultaneously or after OE/Vpp. 


A.C. Characteristics for Read Operation 
AT27C512R 


Condition 


(4) |Address to CE = OE/Vpp 
Output Delay = VIL 


OE/Vpp = VIL 


OE/Vpp or CE 
High to Output Float 


Output Hold from 
Address, CE or 
OE/Vpp, whichever 
occurred first 


CE = Vi 
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A.C. Waveforms for Read Operation “” 


. ADDRESS VALID p 


Notes: 

1. Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V, unless otherwise specified. 

2. tpF is specified from OE /Vppor CE, whichever 
occurs first. Output float is defined as the point 
when data is no longer driven. 

3. OE/Vpp may be delayed up to tcg-tog after the 
falling edge of CE without impact on tcr. 

4. OE/Vpp may be delayed up to tacc-tog after the 


ADDRESS 


5 . address is valid without impact on tacc. 
OUTPUT. sR i eared, —p> 5. This parameter is only sampled and is not 100% 
ES 4 tested. 
Input Test Waveforms Output Test Load 
and Measurement Levels 1.3V 
2.4V (1N914) 
AC 2.0 Ac 3.3K 
DRIVING MEASUREMENT OUTPUT 
LEVELS 
0.45V io ei CL Note: Ci = 100 pF including jig 
i capacitance. 


tr, te< 20ns (10% to 90%) 


Pin Capacitance (f= 1 MHz T= 25°C) “’ 
Conditions 


Vin=0V 
VouT = 0 V 
Notes: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Programming Waveforms “’ 


READ 
PROGRAM (VERIFY) 
vil ree ee 
ADDRESS {aooness state [| ——*d|—S* 


VIH — {wp ial 
DATA {DATA IN} Gat Fal 
Sees 
tDS 
VCC 6.5V 
— 13.0V 
OE/VPP _ 


Notes: 
CE VIH 1. The Input Timing Reference is 0.8 V for Viz and 
VIL pw! 2.0 V for Vip. 


2. tog and tprp are characteristics of the device but 
must be accommodated by the programmer. 
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D.C. Programming Characteristics 
Ta = 25+ 5°C, Voc = 6.5+ 0.25V, OE/Vpp = 13.0+ 0.25V 


Test Limits 
Conditions Min Max Units 


Sym- 
bol Parameter 


Input Load Current Vin=Vit,ViH 10 pA 


06 08 V 


Input High Level 2.0 Vec+ 


Input Low Level (All Inputs) 


Vin v 
Output Low Volt loL=2.1 mA V 
Vou | Output High Volt. lon=-400 pA 2.4 V 


1 
45 
Vcc Supply Current 
(Program and Verify) 25 mA 
25 mA 


OE/Vpp Current CE=ViL 


ViH 
VOH 
Icc2 
| 
A9 Product 
Vip | Identification 


Voltage 


A.C. Programming Characteristics 
Ta = 25+ 5°C, Voc = 6.5 + 0.25V, OE/Vpp = 13.0 + 0.25V 


Test 
Conditions* Limits 
bol Parameter (see Note 1) Min Max Units 


toEH |OE/Vpp Hold Time us 
Cs 
us 


Address Hold Time 


hm | hM 


ine) 


s- 
ag 
ak 
! 


tpH | Data Hold Time 2 us 
7 ret Doky (Note 2) 0 130 ns 
Ge Progr ea (Note 3) 95 105 us 


pata Valid from (Note 2) 


1 ys 
vR_ |OE/Vpp Recovery Time 2 us 
OE/Vpp Pulse Rise 50 
, ; ns 
Time During Programming 


* A.C. Conditions of Test: 


PRI 


~- | -_ —_ — ponte lmal 
8/3 5/8 
= Uv 


Input Rise and Fall Times (10% to 90%) ......... 20 ns 

Input Pulse DOvelsS «..cs62s0e54s canned 0.45 Vto2.4V 

Input Timing Reference Level .......... 0.8 V to2.0 V 

Output Timing Reference Level ......... 0.8 V to 2.0 V 
Notes: 


1. Vcc must be applied simultaneously or before OE/Vpp 
and removed simultaneously or after OE/Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 Usec + 5%. 
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AT27C512R 


Atmel’s 27C512R Integrated 
Product Identification Code 


| Pins ss Hex 
aay = O07 06 O5 04 03 O2 O1 00 |Data 
|Manutacturer|O 0 0 0 1 4 1 1 0 | 1E | 
Device Type |1 0 0 0 0 1 1 0 1/00] 


Rapid Programming Algorithm 

A 100 us CE pulse width is used to program. The address is set 
to the first location. Vcc is raised to 6.5V and OE/Vpp is raised 
to 13.0 V. Each address is first programmed with one 100 ps CE 
pulse without verification. Then a verification/reprogramming 
loop is executed for each address. In the event a byte fails to 
pass verification, up to 10 successive 100 pls pulses are applied 
with a verification after each pulse. If the byte fails to verify 
after 10 pulses have been applied, the part is considered failed. 
After the byte verifies properly, the next address is selected 
until all have been checked. OE/Vpp is then lowered to Vit and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 


ADDR = FIRST LOCATION 
VCC = 6.5V 
‘OE/VPP = 13.0V 


PROGRAM ONE 100 uS PULSE 


INCREMENT LAST 
ADDRESS ADDR.? 


INCREMENT 
ADDRESS 
NO 


VCC = 5.0V 
OE/VPP = VIL 
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Ordering Information 


tacc maces (mA) 
(ns) Standby 


Ordering Code Operation Range 


AT27C512R-90DC 
AT27C512R-90JC 
AT27C512R-90KC 
AT27C512R-90LC 
AT27C512R-90PC 
AT27C512R-90RC 


AT27C512R-90DI 
AT27C512R-90ul 
AT27C512R-90KI 
AT27C512R-90LI 
AT27C512R-90PI 
AT27C512R-90RI 


AT27C512R-90DM 
AT27C512R-90KM 
AT27C512R-90LM 


AT27C512R-12DC 
AT27C512R-12JC 
AT27C512R-12KC 
AT27C512R-12LC 
AT27C512R-12PC 
AT27C512R-12RC 


AT27C512R-12DI 
AT27C512R-12JI 
AT27C512R-12KI 
AT27C512R-12L1 
AT27C512R-12P 
AT27C512R-12RI 


AT27C512R-12DM 
AT27C512R-12KM 
AT27C512R-12LM 


AT27C512R-12DM/883 
AT27C512R-12KM/883 Class B, Fully Compliant 
AT27C512R-12LM/883 (-55°C to 125°C) 


AT27C512R-15DC Commercial 
AT27C512R-15JC (0°C to 70°C) 
AT27C512R-15KC 
AT27C512R-15LC 
AT27C512R-15PC 
AT27C512R-15RC 


AT27C512R-15DI 
AT27C512R-15JI 
AT27C512R-15KI 
AT27C512R-15L1 
AT27C512R-15Pl 
AT27C512R-15RI 


AT27C512R-15DM Military 
AT27C512R-15KM (-55°C to 125°C) 
AT27C512R-15LM 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 


Industrial 
(-40°C to 85°C) 
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Ordering Information 


tacc 
(ns) 


Icc (mA) 
Standby 


AT27C512R-15DM/883 
AT27C512R-15KM/883 
AT27C512R-15LM/883 


AT27C512R-20DC 
AT27C512R-20JC 
AT27C512R-20KC 
AT27C512R-20LC 
AT27C512R-20PC 
AT27C512R-20RC 


AT27C512R-20DI 
AT27C512R-20JI 
AT27C512R-20K| 
AT27C512R-20LI 
AT27C512R-20PI 
AT27C512R-20RI 


AT27C512R-20DM 
AT27C512R-20KM 
AT27C512R-20LM 


AT27C512R-20DM/883 
AT27C512R-20KM/883 
AT27C512R-20LM/883 


AT27C512R-25DC 
AT27C512R-25JC 
AT27C512R-25KC 
AT27C512R-25LC 
AT27C512R-25PC 
AT27C512R-25RC 


AT27C512R-25DI 
AT27C512R-25JI 
AT27C512R-25K| 
AT27C512R-25LI 
AT27C512R-25P 
AT27C512R-25RI 


AT27C512R-25DM 
AT27C512R-25KM 
AT27C512R-25LM 


AT27C512R-25DM/883 
AT27C512R-25KM/883 
AT27C512R-25LM/883 


5962-87648 04 XX 
5962-87648 04 YX 
5962-87648 04 ZX 


5962-87648 01 XX 
5962-87648 01 YX 
5962-87648 01 ZX 


5962-87648 02 XX 
5962-87648 02 YX 
5962-87648 02 ZX 


ATMEL 


AT27C512R 


Ordering Code Operation Range 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
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Ordering Information 


tAcc Icc (MA) : 
Ordering Code Package Operation Range 
pele see 70 Vi 


5962-87648 03 YX 
5962-87648 03 ZX 
Nee ee ANY Ordering Code Package Operation Range 
(ns) : : . ° 
0.1 AT27C512R-90TC 28T Commercial 
(0° to 70°C) 
120 AT27C512R-120TC 28T Commercial 
(0° to 70°C) 
150 20 0.1 AT27C512R-150TC 28T Commercial 
(0° to 70°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 
28DW6 28 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
| 32) «| 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
| 32KW 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
) 


32LW 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 28 Lead, 0.600” Wide, Plastic Dual Inline Package OTP (PDIP 
| 282 ~—s|_ 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


28 Lead, Thin Small Outline Package OTP (TSOP) 
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Features 


Wide Power Supply Range, 3.0 VDC to 5.5 VDC 
Compatible with JEDEC Standard AT27C512R 
Low Power 3-Volt CMOS Operation 
100 nA max. Standby 
26 mW max. Active at 1 MHz for Vcc = 3.3 VDC 
110 mW max. Active at 5 MHz for Vcc = 5.5 VDC 
Read Access Time - 200 ns 
Wide Selection of JEDEC Standard Packages Including OTP 
28-Lead, 600-mil Cerdip and OTP Plastic DIP, SOIC or TSOP 
32-Pad LCC, 32-Lead JLCC and OTP PLCC 
High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
Rapid Programming - 100 us/byte (typical) 
Two-line Control 
CMOS and TTL Compatible Inputs and Outputs 
Integrated Product Identification Code 
Commercial and Industrial Temperature Ranges 


Description 


The AT27LV512R chip is a low power, low voltage 524,288 bit Ultraviolet Erasable and 
Electrically Programmable Read Only Memory (EPROM) organized as 64K x 8 bits. It re- 
quires only one supply in the range of 3.0 to 5.5 VDC in normal read mode operation, making 


it ideal for battery powered systems. 


With a typical power draw of only 18 mW at 1 MHz and Vcc at 3.3 VDC, the AT27LV512R 
will draw less than one fifth the power of a standard 5-volt EPROM. Standby mode supply 


current is typically less than 10 pA. 


Pin Configurations 


CE | Chip Enable 


LCC, JLCC, PLCC Top View 


A7 A15 VCC A13 
Ai2 NC A14 


13 45 17 19 21 
14.16 18 20 


O2 NC 04 
01 GND O3 O5 


Note: PLCC Package Pins 1 and 17 
are DON’T CONNECT. 


CDIP, PDIP, SOIC Top View 


1 
2 
3 
4 
5 
6 
7 
8 
9 


TSOP Top View 
Type 1 


BOS QS Ai 


& 
= 


512K (64K x 8) 
Low Voltage 
UV 

Erasable 
CMOS 
EPROM 
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Description (Continued) Block Diagram 
The AT27LV512R comes in a choice of industry standard VCC ——+ sigs eee 
JEDEC-approved through hole and surface mount packages in- GND ——* 


cluding windowed and one time programmable (OTP) pack- OE/VPP 


OE, CE AND OUTPUT 
ages, such as the OTP thin small outline package (TSOP). All CE | pabeiantSac | —~ BUFFERS 


devices feature two line control (CE, OE) to give designers the TY pEcoDER + viaiinG 
flexibility to prevent bus contention. ge : | cel MATRIX 
The AT27LV512R operating with Vcc at 3.0 VDC produces INPUTS X DECODER 


IDENTIFICATION 


Absolute Maximum Ratings* 


TTL level outputs that are compatible with standard TTL logic 
devices operating at Vcc = 5.0 VDC. 

Atmel’s 27LV512R has additional features to ensure high qual- 
ity and efficient production use. The Rapid Programming Algo- 
rithm reduces the time required to program the part and guaran- Temperature Under Bias -40°C to +85°C 
tees reliable programming. Programming time is typically only 


fe) ie) 
100 ps/byte. The Integrated Product Identification Code elec- Storage Temperature “65°C to +125°C 
tronically identifies the device and manufacturer. This feature is Voltage on Any Pin with 
used by industry standard programming equipment to select the Respect to Ground -2.0 Vto +7.0 Vv) 
proper programming algorithms and_ voltages. The 
AT27LV512R programs identically as an AT27C512R. Voltage on AQ with 
Respect to Ground -2.0 V to +14.0 Vv") 
Erasure Characteristics Vep Supply Voltage with 
The entire memory array of the AT27LV512R is erased (all out- Respect to Ground -2.0 V to +14.0 Vv") 
puts read as Von) after exposure to ultraviolet light at a wave- 
length of 2537 A. Complete erasure is assured after a minimum integrated UV Erase Dose 7258 W-sec/cm* 
of 20 minutes exposure using 12,000 uW/cm? intensity lamps 
spaced one inch away from the chip. Minimum erase time for *NOTICE: Stresses beyond those listed under "Absolute Maxi- 
lamps at other intensity ratings can be calculated from the min- mum Ratings” may cause permanent damage to the device. 
imum integrated erasure dose of 15 W-sec/cm“. To prevent un- This is a stress rating only and functional operation of the de- 
intentional erasure, an opaque label is recommended to cover vice at these or any other conditions beyond those indicated in 
the clear window on any UV erasable EPROM which will be the operational sections of this specification is not implied. 
subjected to continuous fluorescent indoor lighting or sunlight. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
Notes: 
1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc + 0.75 V dc which may be exceeded if certain precau- 
tions are observed (consult application notes) and which may 
overshoot to +7.0 V for pulses of less than 20 ns. 
Operating Modes 


Rapid Program?) VIL Vpp Ai Vec DIN 
PGM Verify () VIL VIL Ai Voc @ 
PGM Inhibit () VpP X Voc 


DouT 


ViH High Z 


AQ = Vy © na 
Product Identification'*)) ViL Vit AO = Vin or ViL Veo ® oe 
A1-A15 = VIL 


Notes: 1. X can be Vi or Vin. 4. Two identifier bytes may be selected. All Ai inputs are held 
2. Refer to Programming characteristics. Programming low (Vi), except A9 which is set to Vy and AO which is tog- 
modes require Vcc > 4.5 V. gled low (Vjz) to select the Manufacturer’s Identification byte 
3. Vn = 12.0205 V. and high (V1) to select the Device Code byte. 
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mee: 2 oF LYST 2A 


D.C. and A.C. Operating Conditions for Read Operation 


AT27LV512R 
-20 -25 


Operating Temperature 0°C - 70°C 0°C - 70°C 
(Case) -40°C - 85°C -40°C - 85°C 
Vcc Power Supply 3.0Vto5.5V 3.0Vto5.5V 


D.C. and Operating Characteristics for Read Operation 
(VCC = 3.0 V to 5.5 V unless otherwise specified) 


_— Parameter Condition Max Units 
Input Load Current Vin = -0.1 V to Voc+1 V 
Output Leakage Current VouT = -0.1 V to Vcc+0.1 V 


IsB1 (CMOS), 
Voc “ Standby Current CE = Vcc-0.3 to Vec+1.0 V 


Isp2 (TTL), CE = 2.0 to Voc+1.0 V 


Input Low Voltage -0.6 0.8 V 
Input High Voltage 2.0 Vcc+0.75 V 
Output Low Voltage loL = 2.1 MA 45 V 

IOH = -100 pA Vcc-0.3 V 
IOH = -400 LA 2.4 V 
Notes: 1. Vcc must be applied simultaneously or before OE/Vpp, and removed simultaneously or after OE/Vpp. 


Output High Voltage 


f = 5 MHz, lout = 0 mA, 
CE = Vit, Voo=5.5 V 
icc Vcc Active Current 
f = 1 MHz, lour=0mA 
CE=VIL, Vcc =3.3V 


A.C. Characteristics for Read Operation (Vcc = 3.0 V to 5.5 V) 


AT27LV512R 
Symbol Parameter Condition 


tacc & Address to Output Delay CE = OE/Vpp = VIL — a ee 

CE to Output Delay OE/Vpp = VIL | 200 | 50 | 

ee ee to Output Delay CE=ViIL F400 | ons 

tor 4) |OE/Vep High to Output Float CE = FBO ons 
OH 


Output Hold from Address, = a 
tOH CE or OE/Vpp, whichever CE = OE/Vpp = VIL 
occurred first 


Notes: 2, 3,4, 5.- see AC Waveforms for Read Operation. 
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A.C. Waveforms for Read Operation “’ 


ADDRESS VALID p 


ADDRESS 


HIGH Z_/ _f OUTPUT | ae 
XK A vain | 


2.4V 
AC 20 Ap 
DRIVING MEASUREMENT 
LEVELS og LEVEL 
0.45V 


tr, te< 20 ns (10% to 90%) 


Pin Capacitance (f= 1 MHz, T = 25°C) ”” 


Notes: 

1. Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. See Input Test Waveforms and Measure- 
ment Levels. 

2. OE/Vpp may be delayed up to tck-tog after the 
falling edge of CE without impact on tcg. 

3. OE/Vpp may be delayed up to tacc-tog after the 
address is valid without impact on tacc. 

4. This parameter is only sampled and is not 100% 
tested. 

5. Output float is defined as the point when data is 
no longer driven. 


Output Test Load 


1.3V 
(1N914) 
3.3K 
OUTPUT 
PIN 
CL 


’ 


Note: Cy = 100 pF including 
jig Capacitance. 


Conditions 


VIN=O0V 


Programming Waveforms “’ 


READ 
PROGRAM (VERIFY) 
vi Ce soaee 
ADDRESS on ADDRESS STABLE |  |[_ ) 


= rE = 
VIH 
DATA {ona Ww} {URED 


ee soy — 
5.0V tVCS 


OE/VPP 

ae 
VIL Pore} semen 
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VouT = 0 V 
Notes: 1. Typical values for 5-V supply voltage. This parameter is only sampled and is not 100% tested. 


Notes: 

1. The Input Timing Reference is 0.8 V for Viz and 
2.0 V for Vin. 

2. tog and tprp are characteristics of the device but 
must be accommodated by the programmer. 


AT27LV512R 


D.C. Programming Characteristics Atmel’s 27LV512R Integrate 
Ta = 25+5°C, Voc = 6.5 + 0.25 V, OE/Vpp = 13.04 0.25 V Product Identification Code 


J Pins | Hex 
aE O07 O06 O5 04 O3 O2 O01 Oo|Data 


/Manufacturer|0 0 0 0 1 1 1 1 0 | 1E | 
Device Type |1 0 0 0 0 1 1 0 1 {0D | 


Note: 1. The AT27LV512R has the same Product Identification 


Sym- Test Limits 
bol Parameter Conditions Min Max Units 


Input Load 
Current Vin = Vit.ViH 10 HA 


Input Low Level (All Inputs) 06 08 V 


Input High Level 2.0 Vcec+1 V Code as the AT27C512R. Both are programming 
VoL | Output Low Volt. lo =2.1mA compatible. 
Suiput High Ven. loti = 400 Wh. 24 Rapid Programming Algorithm ae 
Pencran ond Ved) A 100 us CE pulse width is used to program. The address is set 
— —— to the first location. Vcc is raised to 6.5 V and OE/Vpp is raised 
OEWVpp Current CE = Vit to 13.0 V. Each address is first programmed with one 100 ps CE 
AQ Product pulse without verification. Then a verification/reprogramming 
Vip | Identification ; loop is executed for each address. In the event a byte fails to 
Voltage pass verification, up to 10 successive 100 1s pulses are applied 
with a verification after each pulse. If the byte fails to verify 
A.C. Prog rammi ng Characteristics after 10 pulses have been applied, the part is considered failed. 
Ta = 25+5°C, Veco = 6.5 + 0.25 V, OE/Vpp = 13.0+0.25V After the byte verifies properly, the next address is selected 
until all have been checked. OE/Vpp is then lowered to Vii and 
Test Vcc to 5.0 V. All bytes are read again and compared with the 
Conditions* _Limits original data to determine if the device passes or fails. 


(see Note 1) Min Max Units 


ADDR = FIRST LOCATION 
VCC = 6.5V 
OE/VPP = 13.0V 


PROGRAM ONE 100 uS PULSE 


CE High to Out- 
putFloat Delay No12) iy 


Vcc Setup Time 


YES 


CE Program 
Pulse Width (Note 3) 
i INCREMENT 
Bata Valid from (Note 2) NCREMEN Tx-0 1 
NO 
LAST FAIL 
OE/Vpp Pulse Rise 50 


Time During Programming YES 


* A.C. Conditions of Test: 


Input Rise and Fall Times (10% to 90%) ......... 20 ns a 
Input Pulse Levels «xsnicsssaccecevens 0.45 V to2.4 V 
Input Timing Reference Level .......... 0.8 V to 2.0 V 
Output Timing Reference Level ......... 0.8 V to2.0 V 
Notes: 


1. Vcc must be applied simultaneously or before OE/V pp 
and removed simultaneously or after OE/Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 [sect5%. 
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LV EPROM Product Characteristics 


NORMALIZED SUPPLY CURRENT vs. FREQUENCY NORMALIZED SUPPLY CURRENT vs. VOLTAGE 
Temp = 25°C, IOUT = 0, CE = VIL cg Temp = 25°C, IOUT =0, CE = VIL 
N N 
0 oO 
r r 
m m 
a a 
l | 
Zz Zz 
e e 
d 4 
Frequency (MHz) 7 Weltage (Volts) 
NORMALIZED ACCESS TIME vs. TEMPERATURE NORMALIZED SUPPLY CURRENT vs. TEMP. 


Frequency = 1 MHz, IOUT =0 


a N 
. fe) 
: r 
mM m 
3 a 
, | 
: =. 
e 
: d 
Pecaume C) Temperature (°C) 
NORMALIZED ACCES TIME vs. SUPPLY VOLTAGE OUTPUT SINK CURRENT vs. OUTPUT VOLTAGE 
Temp = 25°C 
N Cc 
ie) U 
r r 
m r 
a e 
| n 
i t 
z 
e m 
d A 


2 3 
Supply Woltece (Volts) Output Voltage (Volts) 


OUTPUT SOURCE CURRENT vs. OUTPUT VOLTAGE 
— 25°C 


-737 o-r "= CO 


>3 


2 3 
Output Voltage (Volts) 
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AT27LV512R 


AT27LV512R-20DC 
AT27LV512R-20JC 
AT27LV512R-20KC 
AT27LV512R-20LC 
AT27LV512R-20PC 
AT27LV512R-20RC 


AT27LV512R-20DI 
AT27LV512R-20KI 
AT27LV512R-20LI 


AT27LV512R-25DC 
AT27LV512R-25JC 
AT27LV512R-25KC 
AT27LV512R-25LC 
AT27LV512R-25PC 
AT27LV512R-25RC 


AT27LV512R-25DI 
AT27LV512R-25KI 
AT27LV512R-25LI 


Icc (mA) 
tacc Vcc = 3.3 V : 
itillece Ordering Code Package 
(ns) Active Standby 9 9 
Commercial 


200 0.1 AT27LV512R-20TC 28T 
(0° to 70°C) 
250 0.1 AT27LV512R-25TC 28T Commercial 
(0° to 70°C) 


Ordering Information 


Icc (mA) 
Voc = 3.3 V 


| Active | Standby _ 


Operation Range 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Operation Range 


Package Type 

28 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
32J 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 

| 32KW | 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 

32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 

28 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


| 28R ——'|_ 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
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Features 


Fast Read Access Time - 100 ns 

Low Power CMOS Operation 
100 A max. Standby 
25 mA max. Active at 5 MHz (AT27C010L) 

40 mA max. Active at 5 MHz (AT27C010) 

Wide Selection of JEDEC Standard Packages Including OTP 
32-Lead 600-mil Cerdip and OTP Plastic DIP, SOIC or TSOP 
32-Pad LCC, 32-Lead JLCC and OTP PLCC 

5 V+ 10% Supply 

High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 

Rapid Programming - 100 ys/byte (typical) 

Two-line Control 

CMOS and TTL Compatible Inputs and Outputs 

integrated Product Identification Code 

Full Military, Commercial and Industrial Temperature Ranges 


Description 


The AT27CO10/L chip family is a low-power, high performance 1,048,576 bit Ultraviolet 
Erasable and Electrically Programmable Read Only Memory (EPROM) organized as 128K x 
8 bits. They require only one 5 V power supply in normal read mode operation. Any byte can 
be accessed in less than 100 ns, eliminating the need for speed reducing WAIT states on high 


performance microprocessor systems. 


Two power versions are offered. In read mode, the AT27C010 typically consumes 25 mA 
while the AT27CO10L takes only 8 mA. Standby mode supply current for both parts is typi- 


cally less than 10 pA. 


Pin Configurations 


[OE |OutputEnable | 
PGM | Program Strobe | 


CE 
PGM 


CDIP, PDIP, SOIC Top 


1 
2 
3 
4 
5 
6 
7 
8 
9 


LCC, JLCC, PLCC Top 
A12 Ai6 VCC_NC TSOP Top View 
A15VPP PGM Type 1 


345 17 19 21 
6 


14 #1 18 20 


02 O3 O5 
01 GND O04 O6 


AIMEL 


1 Megabit 
(128K x 8) 
UV 
Erasable 
CMOS 
EPROM 
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Description (Continued) Block Diagram 


The AT27C010/L comes in a choice of industry standard an oe DAN ONTRUES 
JEDEC-approved packages including; 32-pin ceramic DIP; 32- vpp ——> ; 


pad ceramic leadless chip carrier (LCC); 32-lead ceramic J- _ 
leaded chip carrier (JLCC); 32-lead one time programmable pe 
(OTP) plastic J-leaded chip carrier (PLCC); 32-pin OTP plastic Bese 
gull wing small outline IC (SOIC); and 32-pin OTP thin small PGM 
outline package (TSOP). All devices feature two line control 
(CE, OE) to give designers the flexibility to prevent bus 
contention. 


With high density 128K byte storage capability, the 
AT27C010/L allow firmware to be stored reliably and to be ac- 
cessed by the system without the delays of mass storage media. 


Atmel’s 27C010/L have additional features to ensure high qual- 
ity and efficient production use. The Rapid Programming Algo- 
rithm reduces the time required to program the part and guaran- 
tees reliable programming. Programming time is typically only 
100 s/byte. The Integrated Product Identification Code elec- 
tronically identifies the device and manufacturer. This feature is 
used by industry standard programming equipment to select the 
proper programming algorithms and voltages. 


Y DECODER Y-GATING 
CELL MATRIX 


X DECODER 
IDENTIFICATION 


Absolute Maximum Ratings* 


AO-A16 
ADDRESS 
INPUTS 


OE,CEAND | | OUTPUT 
PROGRAM LOGIC a BUFFERS 
i 
5 fe 
ba ll 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 


Respect to Ground -2.0 V to +7.0 Vv") 


Voltage on A9 with 


Respect to Ground -2.0 V to +140 V") 


Vpp Supply Voltage with 


Erasure Characteristics 
Respect to Ground 


The entire memory array of the AT27CO10/L is erased (all out- 
puts read as Vou) after exposure to ultraviolet light at a wave- 
length of 2537A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 uW/cm? intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W-sec/cm”. To prevent un- 
intentional erasure, an opaque label is recommended to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous fluorescent indoor lighting or sunlight. 


-2.0 V to +14.0 Vv") 


Integrated UV Erase Dose 7258 Wesec/cm* 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Notes: 

1. Minimum voltage is -0.6 V de which may undershoot to 
-2.0 V for pulses of less than 20 ns. Maximum output pin volt- 
age is Vcc + 0.75 V de which may overshoot to +7.0 V for 
pulses of less than 20 ns. 


Operating Modes 


IL VIH ViL Ai VPP Vcc 
VIL VIL VIH Ai Vpp Vcc 
X X X 


Fast Program'@) V DIN 
PGM Verify DouT 


PGM Inhibit 


VIH VppP Vcc High Z 


A9=VH (3) 
AO=ViIH or VIL xX 
A1-A16=VIL 


4. Two identifier bytes may be selected. All Ai inputs 


Won Identification 


Pe re |, 
Product Identification VIL VIL X Code 


Notes: 1. X can be Vy or Vou. 


2. Refer to Programming characteristics. 
3. Va = 12.0+0.5 V. 


are held low (Vir), except A9 which is set to Vy and AO 
which is toggled low (Vr) to select the Manufacturer’s Identi- 
fication byte and high (Vy) to select the Device Code byte. 
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D.C. and A.C. Operating Conditions for Read Operation 


AT27C010 / AT27C010L 


-10 -12 -15 -20 -25 
O°G.- 70°C OC -70°C o°c - 70°C o°G- 76°C OO -70°O 


Operating 
Temperature Ind. -40°C - 85°C -40°C - 85°C -40°C - 85°C -40°C - 85°C 
(Case) Mi. | | -55°C- 125°C | -55°C- 125°C | -55°C-125°C | -55°C - 125°C 


Voc Power Supply 5V+5% 5V+10% 5V+10% 5V+10% 5V+10% 


D.C. and Operating Characteristics for Read Operation 


Symbol Parameter Condition Min 
Input Load Current VIN = -0.1 V to Vec+1 V 5 
ILo Output Leakage Current Vout = -0.1 V to Vec+0.1 V 10 
Vpp “) Read/Standby Current Vpp = 3.8 to Vec+0.3 V 
IsB1 (CMOS), 
ISB Vcc ‘” Standby Current CE = Vcc-0.3 to Vec+1.0 V 
Isp2 (TTL), CE = 2.0 to Vcc+1.0 V 
_ AT27C010L 
Vcc Active Current ile on Te Pa. 
CE=ViL AT27C010 
Ind.,Mil. 
Input Low Voltage -0.6 0.8 
Input High Voltage 2.0 Vcc+0.75 
Output Low Voltage lol = 2.1 mA 
IOH = -100 HA 
VOH Output High Voltage lon = -2.5mA 
IOH = -400 nA 
Notes: 1. Vcc must be applied simultaneously or before Vpp, 2. Vpp may be connected directly to Vcc, except during program- 
and removed simultaneously or after Vpp. ming. The supply current would then be the sum of Icc and Ipp. 


A.C. Characteristics for Read Operation 


AT27C010 / AT27CO10L 


-10 “12 -15 -20 -25 
Symbol_Parameter Condition Mio_Max [Min Max |Min Max |Mio Max [Min Max | 
Inco [bier to CE-0E com | 100] 120 | 150 | 200 | 250 | ns 
) 


Output Delay “Meng | | 120 | 150 | 200 | 280 | ns 
tce® [CE toOuputDelay —OE=Vu_— | t00 | 120 | 150 | 200 | 250 | hs 
tor ® [OE toourpuDely  CE=Vu | 5 | | | 70 | 100 hs 
or cE 
tOH 


(4,5) |OE High to - 

tor “> | Output Float ost 
Output Hold from __ CE - OF 
Address, CE or OE, _ _ — 
whichever occurred first aihia 


Notes: 2,3, 4,5. - see AC Waveforms for Read Operation. 
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A.C. Waveforms for Read Operation “’ 


ADDRESS q ADDRESS VALID 


Notes: 

1. Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V, unless otherwise specified. 

2. OE may be delayed up to tcg-tog after the fall- 
ing edge of CE without impact on tcp. 

3. OE may be delayed up to tacc-tog after the ad- 
dress is valid without impact on tacc. 

4. This parameter is only sampled and is not 100% 


tested. 
OUTPUT 5. Output float is defined as the point when data is 
no longer driven. 
Output Test Load 
Input Test Waveforms P ae 
and Measurement Levels 
(1N914) 
2.4V = — 
partie | seuevea — 
LEVELS og LEVEL PIN CL Note: CL= 100 pF including 
. jig capacitance. 
0.45V b 


tr, tp< 20 ns (10% to 90%) 


Pin Capacitance (f=1 MHz, T= 25°C)” 


Conditions 


ViIN=O0V 
VouT =0 V 


Notes: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Programming Waveforms °” 


READ 
PROGRAM (VERIFY) 

vl a [ae 
ADDRESS { _abpREssstasle | | 

VIH 
DATA dpatal in} {OATR OUT |, 

VIL VALID 

er Dis |e | 

6.5V 
VCC 
vpp 13.0V L 

5.0V tVPS 
__ VIE Notes: 
CE ‘sip 1. The Input Timing Reference is 0.8 V for Vi and 

= wp 
— VIH 2. tog and tprp are characteristics of the device but 
PGM VIL must be accommodated by the programmer. 
tPW a 3. When programming the AT27C010/L a 0.1-pF 

oi VIH capacitor is required across Vpp and ground to 
OE VIL suppress spurious voltage transients. 
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D.C. Programming Characteristics 
Ta = 25+ 5°C, Voc =6.5+ 0.25 V, Vpp = 13.0+ 0.25 V 


Sym- Test Limits 
bol Parameter Conditions Min Max Units 


Input Load Current = Vin=Vit,ViH 10 pA 


Input Low Level (Allinputs) -0.6 08 V 
ViH_ | Input High Level 2.0 Vcc+1 V 


VoL | Output Low Volt. = Io.=2.1 mA 45 


V 

VoH | Output High Volt. lon=-400 pA 2.4 V 
Vcc Supply Current 

(Program and Verify) 40 mA 
Vpp Supply 
Current 
AQ Product 


Vip | Identification 
Voltage 


CE=PGM=ViL 20 


A.C. Programming Characteristics 
Ta = 25+5°C, Vcc = 6.5 + 0.25 V, Vpp = 13.0+0.25 V 


Test 
Sym- Conditions* Limits 


bol Parameter (see Note 1) Min Max Units 


Address Setup Time 2 us 
CE Setup Time 


tDH Data Hold Time 2 us 
OE High to Out- 

put Float Delay (Note 2) 0 130 a 

Vep Setup Time 2 us 

Vcc Setup Time 2 us 


tpw seat a (Note 3) 95 105 up 


S 
HOE Data Valid from OE 150 ns 


* A.C. Conditions of Test: 


Input Rise and Fall Times (10% to 90%) ......... 20 ns 

Input Pulse Levels «xs casnxsecnsenenen 0.45 Vto2.4V 

Input Timing Reference Level .......... 0.8 V to 2.0 V 

Output Timing Reference Level ......... 0.8 V to2.0 V 
Notes: 


1. Vcc must be applied simultaneously or before Vpp and removed si- 


multaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 Lsec + 5%. 


AT27C010/L 


Atmel’s 27C010/L Integrated 
Product Identification Code 


a | ee 
ein + Ee ea ee 
|Manufacturer [0 0 0 0 1 1 1 1 0 | 1E | 
Device Type |1 0 0 0 0 0 1 0 1405. 


Rapid Programming Algorithm 


A 100 ps PGM pulse width is used to program. The address is 
set to the first location. Vcc is raised to 6.5 V and Vpp is raised 
to 13.0 V. Each address is first programmed with one 100 ps 
PGM pulse without verification. Then a verification / repro- 
gramming loop is executed for each address. In the event a byte 
fails to pass verification, up to 10 successive 100 Us pulses are 
applied with a verification after each pulse. If the byte fails to 
verify after 10 pulses have been applied, the part is considered 
failed. After the byte verifies properly, the next address is se- 
lected until all have been checked. Vpp is then lowered to 5.0 V 
and Vcc to 5.0 V. All bytes are read again and compared with 
the original data to determine if the device passes or fails. 


ADDR = FIRST LOCATION 
VCC = 6.5V 
VPP=13.0V 


PROGRAM ONE 100 uS PULSE 


DEVICE 
PASSED 
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AIMEL 


AT27C010-10DC 
AT27C010-10KC 
AT27C010-10LC 


AT27C010-12DC 
AT27C010-12JC 
AT27C010-12KC 
AT27C010-12LC 
AT27C010-12PC 
AT27C010-12RC 


AT27C010-12DI 
AT27C010-12Jl 
AT27C010-12KI 
AT27C010-12L1 
AT27C010-12PI 
AT27C010-12RI 


AT27C010-12DM Military 
AT27C010-12KM (-55°C to 125°C) 
AT27C010-12LM 


AT27C010-12DM/883 
AT27C010-12KM/883 
AT27C010-12LM/883 


AT27C010-15DC 
AT27C010-15JC 
AT27C010-15KC 
AT27C010-15LC 
AT27C010-15PC 
AT27C010-15RC 


AT27C010-15DI Industrial 
AT27C010-15ul (-40°C to 85°C) 
AT27C010-15KI 
AT27C010-15LI 
AT27C010-15P! 
AT27C010-15RI 


AT27C010-15DM 
AT27C010-15KM 
AT27C010-15LM 


AT27C010-15DM/883 
AT27C010-15KM/883 
AT27C010-15LM/883 


AT27C010-20DC 
AT27C010-20JC 
AT27C010-20KC 
AT27C010-20LC 
AT27C010-20PC 
AT27C010-20RC 


Ordering Information 


tacc Icc (mA) 
we) 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military/883C 

Class B, Fully Compliant 

(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Military 
(-55°C to 125°C) 


Military/883C 

Class B, Fully Compliant 

(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 
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AT27C010/L 


Ordering Code Operation Range 


AT27C010-20DI 
AT27C010-20uI 
AT27C010-20KI 
AT27C010-20LI 
AT27C010-20PI 
AT27C010-20RI 


AT27C010-20DM 
AT27C010-20KM 
AT27C010-20LM 


AT27C010-20DM/883 Military/883C 
AT27C010-20KM/883 Class B, Fully Compliant 
AT27C010-20LM/883 (-55°C to 125°C) 


AT27C010-25DC 
AT27C010-25JC 
AT27C010-25KC 
AT27C010-25LC 
AT27C010-25PC 


AT27C010-25DI 
AT27C010-25ul 
AT27C010-25K! 
AT27C010-25LI 
AT27C010-25PI 


AT27C010-25DM 
AT27C010-25KM 
AT27C010-25LM 


AT27C010-25DM/883 
AT27C010-25KM/883 
AT27C010-25LM/883 


5962-89614 06 M XX 32DW6 
5962-89614 06 M YX 32LW 

150 0.1 5962-89614 05 M XX 32DW6 
5962-89614 05 M YX 32LW 

170 0.1 5962-89614 04 M XX 32DW6 
5962-89614 04 M YX 32LW 
5962-89614 03 M XX 32DW6 
5962-89614 03 M YX 32LW 
5962-89614 02 M XX 32DW6 
5962-89614 02 M YX 32LW Class B, Fully Compliant 

(-55°C to 125°C) 


5962-89614 01 M XX Military/883C 
5962-89614 01 M YX Class B, Fully Compliant 
(-55°C to 125°C) 


Ordering Information 


tacc = (mA) 
=) Standby 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Military/883C 
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Ordering Information 


tace 
(ns) sb Ordering Code Package Operation Range 


0.1 AT27C010-12TC 32T Commercial 
(0° to 70°C) 

AT27C010-15TC 32T Commercial 

(0° to 70°C) 


Package Type 


32 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
( 


32LW 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


| 32R  —s|_ 32 Lead, 0.450" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
32 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
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AT27C010/L 


Ordering Information 


tACC ae (mA) 
Ordering Code Package Operation Range 
(ns) Standby 


AT27C010L-10DC Commercial 
AT27C010L-10KC (0°C to 70°C) 
AT27C010L-10LC 


AT27C010L-12DC Commercial 
AT27C010L-12JC (0°C to 70°C) 
AT27C010L-12KC 
AT27C010L-12LC 
AT27C010L-12PC 
AT27C010L-12RC 


AT27C010L-12DI Industrial 
AT27C010L-12Jl (-40°C to 85°C) 
AT27C010L-12KI 

AT27C010L-12LI 

AT27C010L-12PI 

AT27C010L-12RI 


AT27C010L-12DM Military 
AT27C010L-12KM (-55°C to 125°C) 
AT27C010L-12LM 


AT27C010L-12DM/883 Military/883C 
AT27C010L-12KM/883 Class B, Fully Compliant 
AT27C010L-12LM/883 (-55°C to 125°C) 


AT27C010L-15DC Commercial 
AT27C010L-15JC (0°C to 70°C) 


AT27C010L-15LC 
AT27C010L-15KC 
AT27C010L-15PC 
AT27C010L-15RC 


AT27C010L-15DI Industrial 
AT27C010L-15uI (-40°C to 85°C) 
AT27C010L-15KI 

AT27C010L-15LI 

AT27C010L-15PI 

AT27C010L-15RI 


AT27C010L-15DM Military 
AT27C010L-15KM (-55°C to 125°C) 
AT27C010L-15LM 


AT27C010L-15DM/883 Military/883C 
AT27C010L-15KM/883 Class B, Fully Compliant 
AT27C010L-15LM/883 (-55°C to 125) 
AT27C010L-17LI 

AT27C010L-17PI 

AT27C010L-17SI 


AT27C010L-20DC Commercial 
AT27C010L-20JC (0°C to 70°C) 
AT27C010L-20KC 
AT27C010L-20LC 
AT27C010L-20PC 
AT27C010L-20RC 
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Ordering Information 


tacc Icc (mA) 
(ns) 


Ordering Code Operation Range 


AT27C010L-20DI Industrial 
AT27C010L-20Jl (-40°C to 85°C) 
AT27C010L-20KI 

AT27C010L-20LI 

AT27C010L-20PI 


AT27C010L-20RI 


AT27C010L-20DM 
AT27C010L-20KM 
AT27C010L-20LM 


AT27C010L-20DM/883 
AT27C010L-20KM/883 
AT27C010L-20LM/883 


AT27C010L-25DC 
AT27C010L-25JC 
AT27C010L-25KC 
AT27C010L-25LC 
AT27C010L-25PC 


AT27C010L-25DI 
AT27C010L-25Jl 
AT27C010L-25K! 
AT27C010L-25LI 
AT27C010L-25PI 


AT27C010L-25DM 
AT27C010L-25KM 
AT27C010L-25LM 


AT27C010L-25DM/883 
AT27C010L-25KM/883 
AT27C010L-25LM/883 


Military 
(-55°C to 125°C) 


Military/883C 

Class B, Fully Compliant 

(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


tacc Icc (mA) 
Ordering Code Package Operation Range 
AT27C010L-12TC Commercial 
(0° to 70°C) 
AT27C010L-15TC Commercial 
(0° to 70°C) 
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AT27C010/L 


| 32pws | 32 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


32 Lead, 0.600” Wide, Plastic Dual Inline Package OTP (PDIP) 


32 Lead, 0.450" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
32 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
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Features 


e Wide Power Supply Range, 3.0 VDC to 5.5 VDC 
e Compatible with JEDEC Standard AT27C010 


e Low Power 3-Voit CMOS Operation 


100 yA max. Standby 


26 mW max. Active at 1 MHz for Vcc = 3.3 VDC 
138 mW max. Active at 5 MHz for Vcc = 5.5 VDC 


e Read Access Time - 250 ns 


e Wide Selection of JEDEC Standard Packages Including OTP 
32-Lead 600-mil Cerdip and OTP Plastic DIP and SOIC 
32-Pad LCC, 32-Lead JLCC, OTP PLCC and TSOP 


e High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
Rapid Programming - 100 ys/byte (typical) 


Two-line Control 


Description 


CMOS and TTL Compatible Inputs and Outputs 
Integrated Product Identification Code 
Commercial and Industrial Temperature Ranges 


The AT27LVO010 chip is a low power, low voltage 1,048,576 bit Ultraviolet Erasable and 
Electrically Programmable Read Only Memory (EPROM) organized as 128K x 8 bits. It 
requires only one supply in the range of 3.0 to 5.5 VDC in normal read mode operation, 


making it ideal for battery powered systems. 


With a typical power draw of only 18mW at 1 MHz and Vcc at 3.3 VDC, the AT27LV010 
will draw less than one-fifth the power of a standard 5-volt EPROM. Standby mode supply 


current is typically less than 10 pA. 


Pin Configurations 


JOE___[OutputEnable 


LCC, JLCC, PLCC Top View 


Ai2 Ai6 VCC _NC 
A15VPP PGM 


13 45 17 19 21 
14.16 18 20 


02 O03 O5 
01 GND 04 O6 


CDIP, PDIP, SOIC Top View 


Type 1 


1 Megabit 
(128K x 8) 
Low Voltage 
UV 

Erasable 
CMOS 
EPROM 
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Description (Continued) Block Diagram 

The AT27LV010 comes in a choice of industry standard aa ae eee 
JEDEC-approved through hole and surface mount packages in- vip ——se - 
cluding windowed and one time programmable (OTP) pack- _ 

ages, such as the OTP thin small outline package (TSOP). All OE 

devices feature two line control (CE, OE) to give designers the _ 


flexibility to prevent bus contention. 


OE,CEAND | | OUTPUT 
PROGRAM LOGIC Pe BUFFERS 
YDECODER [| _Y-GATING 
| cpl 
vices operating at Vcc = 5.0 VDC. 


Atmel’s 27LV010 has additional features to ensure high quality 
and efficient production use. The Rapid Programming Algo- 


: , + 
rithm reduces the time required to program the part and guaran- Absolute Maximum Rati ngs 
tees reliable programming. Programming time is typically only 


The AT27LV010 operating with Vcc at 3.0 VDC produces TTL AO-A16 
level outputs that are compatible with standard TTL logic de- ADDRESS | xoecooen CELL MATRIX 
INPUTS X DECODER 


100 us/byte. The Integrated Product Identification Code elec- Temperature Under Bias -40°C to +85°C 
tronically identifies the device and manufacturer. This feature is ‘ 6 
used by industry standard programming equipment to select the Storage Temperature “65°C to +125°C 
proper programming algorithms and voltages. The AT27LV010 Voltage on Any Pin with 
programs identically as an AT27C010. Respect to Ground -20Vto +7.0 Vv) 
Voltage on A9 with 

— Respect to Ground -2.0 V to +14.0 V") 
Erasure Characteristics ee 
The entire memory array of the AT27LV010 is erased (all out- oder i Pe iat -20Vto +14.0 Vv) 
puts read as Von) after exposure to ultraviolet light at a wave- 
length of 2537 A. Complete erasure is assured after a minimum Integrated UV Erase Dose 7258 Wesec/cm* 
of 20 minutes exposure using 12,000 » W/cm” intensity lamps 
spaced one inch away from the chip. Minimum erase time for *NOTICE: Stresses beyond those listed under "Absolute Maxi- 
lamps at other intensity ratings can be calculated from the min- mum Ratings" may cause permanent damage to the device. 
imum integrated erasure dose of 15 W-sec/cm~. To prevent un- This is a stress rating only and functional operation of the de- 
intentional erasure, an opaque label is recommended to cover vice at these or any other conditions beyond those indicated in 
the clear window on any UV erasable EPROM which will be the operational sections of this specification is not implied. 


Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Notes: 

1. Minimum voltage is -0.6 V de which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc + 0.75 V dc which may be exceeded if certain precau- 
tions are observed (consult application notes) and which may 
overshoot to +7.0 V for pulses of less than 20 ns. 


subjected to continuous fluorescent indoor lighting or sunlight. 


Operating Modes 


VIH X X X X 
Ai 


Standby VéG High Z 


Fast Program’) VIL VIH VIL VpP Veco ™ Din 
PGM Verify’) ViL ViL ViH Ai Vep Vcc * ~~ Dour 
PGM Inhibit’? VIH X X X Vpep = Veco ® ~— HighZ 


Product (2),(4) Mit VIL Xx Pee HW X Veco @ Identification 
Identification” A1-A16=ViL Code 


Notes: 1. X can be Vy or Vu. 4. Two identifier bytes may be selected. All Ai inputs are held 
2. Refer to Programming characteristics. Programming low (Vi), except A9 which is set to Vy and AO which is 
modes require Vcc > 4.5 V. toggled low (Vi) to select the Manufacturer’s Identification 
3. Va=12.02£0.5 V. byte and high (ViH) to select the Device Code byte. 
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D.C. and A.C. Operating Conditions for Read Operation 


AT27LV010 


-25 -30 
Operating Temperature Com. 0°C - 70°C 0°C - 70°C 
(Case) Ind. -40°C - 85°C -40°C - 85°C 


Voc Power Supply 3.0Vto5.5V 3.0Vto5.5V 


D.C. and Operating Characteristics for Read Operation 
(VCC = 3.0 V to 5.5 V unless otherwise specified) 


Symbol Parameter Condition 
Input Load Current Vin = -0.1 V to Vec+1 V 
Output Leakage Current VouT = -0.1 V to Vec+0.1 V 
Vpp ‘) Read/Standby Current Vpp = Vcc-0.7 V to Vec+0.3 V 
Ispi (CMOS), 
Voc ‘? Standby Current CE = Vcc-0.3 to Vec+1.0 V 
Isp2 (TTL), CE=2.0 to Voc+1.0 V 
f = 5 MHz, lout = 0 mA, 
CE=ViL, Vec=5.5 V 
Vcc Active Current 
f= 1 MHz, lour=0mA 
E=Vi_, Voo=3.3V 
VIL Input Low Voltage -0.6 0.8 
Input High Voltage 2.0 Vcc+0.75 


Output Low Voltage loL = 2.1 mA 


loH = -100 pA 
Von — | Output High Voltage sa E 
IOH = -400 LA 


Notes: 1. Vcc must be applied simultaneously or before Vpp, and 2. Vpp may be connected directly to Vcc, except during program- 
removed simultaneously or after Vpp. ming. The supply current would then be the sum of Icc and Ipp. 


A.C. Characteristics for Read Operation (VCC = 3.0V to 5.5V) 


Condition 


CE to Output Delay OE = VIL 


OE to Output Delay 


E High to Output Float 


Output Hold from Address, CE or OE, 
whichever occurred first 


Notes: 2, 3,4, 5.- see AC Waveforms for Read Operation. 
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A.C. Waveforms for Read Operation “” 


q ADDRESS VALID 


ADDRESS 


HIGH Z = OUTPUT 
VALID 


) NAN 
V7 


2.4V 
AC 2.0 ac 

DRIVING MEASUREMENT 

LEVELS og LEVEL 


tr, te< 20 ns (10% to 90%) 


Pin Capacitance (f= 1 MHz, T= 25°C)“ 


Notes: 


hs 


Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. See Input Test Waveforms and Measure- 
ment Levels. 


. OE may be delayed up to tcg-tog after the fall- 


ing edge of CE without impact on tcr. 


. OE may be delayed up to tacc-tog after the ad- 


dress is valid without impact on tacc. 


. This parameter is only sampled and is not 100% 


tested. 


. Output float is defined as the point when data is 


no |: nger driven. 


Output Test Load 
1.3V 


(1N914) 
3.3K 


Note: CL = 100 pF 
including jig capacitance. 


Conditions 


Vin =O0V 
Vout =0 V 


Notes: 


Programming Waveforms “’ 


READ 
PROGRAM (VERIFY) 
vl a ee 
ADDRESS ,,, | ADDRESS STABLE | ss |__P 
VIH 
DATA {paral > — iD 
tDS = a 
6.5V 
= 5.0V vee tDFP 


VPP 13.0V 

5.0V tVPS 
— VIH 
CE VIL 

=| 

mS Se 

VIL 
OE VIH 


AT27LV010 
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1. Typical values for S-V supply voltage. This parameter is only sampled and is not 100% tested. 


Notes: 


oot 


i 


. The Input Timing Reference is 0.8 V for Vii and 


2.0 V for Vip. 


. tog and tprp are characteristics of the device but 


must be accommodated by the programmer. 


. When programming the AT27LV010 a 0.1-pF 


Capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming Characteristics 
Ta = 25+5°C, Vcc = 6.5 + 0.25 V, Vpp = 13.0+ 0.25 V 


Sym- Test Limits 
bol Parameter Conditions Min Max Units 


Output High Volt. lou=-400 nA 2.4 V 
Vcc Supply Current 

(Program and Verify) 40 mA 
Vpp Supply rye 

jep2 Cunert CE=PGM=ViL 20 mA 


AQ Product 
Vip | Identification 
Voltage 


A.C. Programming Characteristics 
Ta = 25+5°C, Vcc = 6.5 + 0.25 V, Vpp = 13.04 0.25 V 


Test 
Conditions* Limits 


Parameter (see Note 1) Min Max Units 


tos [DalaSetupTime 


OE High to Out- 
put Float Delay ‘ 
tvps | Vpp Setup Time 2 m 


S 
s 
tvcs_ | Vcc Setup Time 2 ys 


t PGM Program 
PW | Pulse Width 


Data Valid from OE 150 


(Note 2) 0 130 


(Note 3) 95 105s us 
ns 


* A.C. Conditions of Test: 


Input Rise and Fall Times (10% to 90%) ......... 20 ns 

Input Pulse Levels ........ss00s085565 0.45 Vto2.4V 

Input Timing Reference Level .......... 0.8 V to 2.0 V 

Output Timing Reference Level ......... 0.8 V to 2.0 V 
Notes: 


1. Vcc must be applied simultaneously or before Vpp and removed 
simultaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 [sec + 5%. 


AT27LV010 


Atmel’s 27LV010 Integrated 
Product Identification Code 


po Pins | Hex 
‘vn O7 06 O5 O04 O3 O2 O1 0o|Data 


/Manufacturer|0 0 0 0 1 1 1 1 0 |1E | 
Device Type |1 0 0 0 0 0 1 0 1] 05 | 


Note: 1. The AT27LV010 has the same Product Identification 
Code as the AT27C010/L. Both are programming 
compatible. 


Rapid Programming Algorithm 

A 100 ps PGM pulse width is used to program. The address is 
set to the first location. Vcc is raised to 6.5 V and Vpp is raised 
to 13.0 V. Each address is first programmed with one 100 Ls 
PGM pulse without verification. Then a verification/ repro- 
gramming loop is executed for each address. In the event a byte 
fails to pass verification, up to 10 successive 100 Ls pulses are 
applied with a verification after each pulse. If the byte fails to 
verify after 10 pulses have been applied, the part is considered 
failed. After the byte verifies properly, the next address is se- 
lected until all have been checked. Vpp is then lowered to 5.0 V 
and Vcc to 5.0 V. All bytes are read again and compared with 
the original data to determine if the device passes or fails. 


ADDR = FIRST LOCATION 
VCC = 6.5V 
VPP=13.0V 


PROGRAM ONE 100 uS PULSE 


INCREMENT — LAST 


(1) 


ADDRESS ADDR.? 
YES 

NO 

ci ee zu 

. a, 


VCC = 5.0V 
VPP=5.0V 


COMPARE 
ALL BYTES 


DEVICE 
PASSED 
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LV EPROM Product Characteristics 


NORMALIZED SUPPLY CURRENT vs. FREQUENCY NORMALIZED SUPPLY CURRENT vs. VOLTAGE 
Temp = 25°C, lOUT = 0, CE = VIL Temp = 25°C, IOUT = 0, CE = VIL 
N N 
fe) fe) 
r r 
m m 
a a 
| | 
i 
Zz z 
e e 
d d 


NORMALIZED ACCESS TIME vs. TEMPERATURE NORMALIZED SUPPLY CURRENT vs. TEMP. 
Frequency = 1 MHz, IOUT =0 
. N 
y fe) 
: r 
sis m 
a a 
| 
i 
; z 
e 
¢ d 
Temperature (°C) Temperature (‘C) 
NORMALIZED ACCES TIME vs. SUPPLY VOLTAGE OUTPUT SINK CURRENT vs. OUTPUT VOLTAGE 
Temp = 25°C Temp = 25°C 
N Cc 
° u 
r r 
m r 
a e 
| n 
i t 
z 
e m 
d A 


-7 on = CO 


>3 
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AT27LV010 


Ordering Information 


Icc (mA) 
tacc Vcc =3.3 V ; 
ie Ordering Code Package 
(ns) Active Standby 7 g 


250 AT27LV010-25DC Commercial 
AT27LV010-25KC (0°C to 70°C) 
AT27LV010-25LC 


250 AT27LV010-25DI 32DW6 Industrial 
AT27LV010-25LI 32LW (-40°C to 85°C) 


300 0.1 AT27LV010-30DC Commercial 
AT27LV010-30JC (0°C to 70°C) 
AT27LV010-30KC 
AT27LV010-30LC 
AT27LV010-30PC 
AT27LV010-30RC 


300 0.1 AT27LV010-30DI 32DW6 Industrial 
AT27LV010-30LI 32LW (-40°C to 85°C) 


Icc (mA) 
tacc Vcc = 3.3 V 
oe Ordering Code Package 
did , , 
250 32T Commercial 
(0°C to 70°C) 


ef on 
300 0.1 32T Commercial 
(0°C to 70°C) 


Operation Range 


Operation Range 


AT27LV010-25TC 


AT27LV010-30TC 


Package Type 
32 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


| 32KW —|_ 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
32LW 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


| 32P6 —s|§_ 32 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


32R 32 Lead, 0.450" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
32 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
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RAM ON emcee L127 C1024 


Features 


e Low Power CMOS Operation 
100 A max. Standby 
30 mA max. Active at 5 MHz 
e Fast Read Access Time - 100 ns 
e Wide Selection of JEDEC Standard Packages Including OTP 
40-Lead 600-mil Cerdip and OTP Plastic DIP 
44-Pad LCC and OTP PLCC 
e 5V+ 10% Power Supply 
High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
Rapid Programming - 100 y.s/word (typical) 
Two-line Control 
CMOS and TTL Compatible Inputs and Outputs 
integrated Product Identification Code 
Full Military, Commercial and Industrial Temperature Ranges 


Description 


The AT27C1024 is a low-power, high performance 1,048,576 bit Ultraviolet Erasable and 
Electrically Programmable Read Only Memory (EPROM) organized 64K x 16. It requires 
only one 5-V power supply in normal read mode operation. Any word can be accessed in less 
than 100 ns, eliminating the need for speed reducing WAIT states. The by-16 organization 
make this part ideal for high-performance 16 and 32 bit microprocessor systems. 


In read mode, the AT27C1024 typically consumes 15 mA. Standby mode supply current is 
typically less than 10 pA. 


The AT27C1024 come in a choice of industry standard JEDEC-approved packages includ- 
ing; 40-pin DIP in ceramic or one time programmable (OTP) plastic, and 44-pad ceramic 
leadless chip carrier (LCC), or OTP plastic J-leaded chip carrier (PLCC). All devices feature 
two line control (CE, OE) to give designers the flexibility to prevent bus contention. 


With high density 64K word storage capability, the AT27C1024 allow firmware to be stored 
reliably and to be accessed by the system without the delays of mass storage media. 


Atmel’s 27C 1024 have additional features to ensure high quality and efficient production use. 
The Rapid Programming Algorithm reduces the time required to program the part and guar- 
antees reliable programming. Programming time is typically only 100 ps/word. The Inte- 
grated Product Identification Code electronically identifies the device and manufacturer. This 
feature is used by industry standard programming equipment to select the proper program- 
ming algorithms and voltages. 


CDIP, PDIP Top View LCC, JLCC, PLCC Top View 


013 015_VPP VCC_NC A14 
014 CE NC PGM A15 


Pin Configurations 


100-015 [Outputs 
JOE ____|OutputEnable 


Note: Both GND pins must be con- 
nected. 


17 19 21 23 25 27 29 
18 20 22 24 26 28 


02 OO_NC Al A3 
03 01 OE AO A2 AS 


Note: PLCC Package Pins 1 and 
23 are DON’T CONNECT. 
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1 Megabit 
(64K x 16) 
UV 
Erasable 
CMOS 
EPROM 
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Erasure Characteristics Block Diagram 
The entire memory array of the AT27C1024 is erased (all out- ang Pee 
puts read as Von) after exposure to ultraviolet light at a wave- vpp ——> EE PTUTTNETULYTT 


length of 2537A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 uW/cm? intensity lamps ais 
spaced one inch away from the chip. Minimum erase time for 


OE,CEAND | | OUTPUT 
PROGRAM LOGIC ie BUFFERS 
— 
re 
mae 


lamps at other intensity ratings can be calculated from the min- PGM 
imum integrated erasure dose of 15 W-sec/cm“. To prevent un- penis Y DECODER Y-GATING 
intentional erasure, an opaque label is recommended to cover ADDRESS CELL MATRIX 


the clear window on any UV erasable EPROM which will be INPUTS 
subjected to continuous fluorescent indoor lighting or sunlight. 


X DECODER 


IDENTIFICATION 


Absolute Maximum Ratings* 


. fe) fe) 
TRIPS raturSy net Stas pe eNO lee *NOTICE: Stresses beyond those listed under "Absolute Maxi- 
Storage Temperature -65°C to +150°C mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
Voltage on Any Pin with vice at these or any other conditions beyond those indicated in 
Respect to Ground -2.0 V to +7.0 V"") the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
Voltage on AQ with periods may affect device reliability. 
Respect to Ground -2.0 V to +14.0 V')) 
Notes: 
Vpp Supply Voltage with 1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V 
Respect to Ground -2.0 V to +14.0 yi) for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc+0.75 V de which may overshoot to +7.0 V for pulses of 
Integrated UV Erase Dose 7258 Wesec/cm* less than 20 ns. 


Operating Modes 
Mode \ Pin CE OE PGM Ai Vpp Vcc Outputs 


Read VIL VIL x") Ai X Vcc DouT 
Output Disable X VIH X X X Vcc  HighZ 
Standby VIH X Xx X x!) Vcc  HighZ 


Rapid Program!) i Vpp Vcc DIN 

PGM Verify i VPP Vcc DouT 

PGM Inhibit VPP Vcc 

Product Identification AO=ViH or VIL Vec Vec i ae 

A1-A15=VIL 
Notes: 1. X can be Vy or Vin. and AO which is toggled low (Viz) to select the Manufacturer’s 
2. Refer to Programming characteristics. Identification byte and high (Vm) to select the Device Code 
5. Va = 120205 ¥. byte. 
4. Two identifier bytes may be selected. All Ai inputs 5. Standby Vcc current (Isp) is specified with Vpp=Vcc. Vcc > 
are held low (Vir), except A9 which is set to Vy Vpp will cause a slight increase in Isp. 
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D.C. and A.C. Operating Conditions for Read Operation 


AT27C1024 
-10 “12 -15 -20 


o°C ~70°C 0°c = 70°C o°C - 70°C rC-70°C 


Operating 


Temperature ind | ssid 40° - 85°C -40°C - 85°C -40°C - 85°C 
(Case) mi. | | -55°C- 125°C -5B°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+5% 5V+ 10% 5V+10% 5V+10% 


D.C. and Operating Characteristics for Read Operation 


Symbol Parameter Condition Min Max “rs 
-__{teputhead Curent Niet W Meee YB ph 
er Leakage Current VouT = -0.1 V to Vcc+0.1 V rm 

ir (CMOS) 
veo O) Standby Current CE = Vcc-0.3 to Vec+1.0 V 
Isp2 (TTL) 
CE = 2.0 to Vcc+1.0 V 
loc Vcc Active Current bao haree OnIT = a) HIM 
CE =VIL Ind.,Mil. 

"i Input Low Voltage -0.6 0.8 
Input High Voltage 2.0 Vec+ 0.75 
ad Output Low Voltage 

loH = -100 pA 
Output High Voltage IOH = 
IOH = -400 LA 
Notes: 1. Vcc must be applied simultaneously or before Vpp, 2. Vpp may be connected directly to Vcc, except during program- 
and removed simultaneously or after Vpp. ming. The supply current would then be the sum of Icc and Ipp. 


A.C. Characteristics for Read Operation 


AT27C1024 


Condition 


(3) |Address to CE = OF 
Output Delay = VIL ind.,Mil. 


(4,5) JOE High to 
(DF Output Float CE = Vi 30 bi 
Output Hold from __ 
Address, CE or OE, CE “0b 
whichever occurred first = Vil 


AIMEL 


A.C. Waveforms for Read Operation “’ 


ADDRESS VALID 


ADDRESS Notes: 


1. Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V, unless otherwise specified. 

2. OE may be delayed up to tcE-tog after the 
falling edge of CE without impact on tcr. 

3. OE may be delayed up to tacc-tog after the 
address is valid without impact on tacc. 

4. This parameter is only sampled and is not 


100% tested. 
Bure HIGH Z a 4 OUTPUT | ES 5. Output float is defined as the point when data is 
a ee a no longer driven. 
g 
Input Test Waveforms Output Test Load 
and Measurement Levels 1.3V 
2.4V (1N914) 
AC ae AG 3.3K 
DRIVING MEASUREMENT OUTPUT 
LEVELS og LEVEL PIN 
CL 
0.45V I Note: CL = 100 pF 
tr, tr < 20 ns (10% to 90%) including jig capacitance. 


Pin Capacitance (f= 1 MHz T= 25°C) °” 


Conditions 


Vin = OV 


Notes: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Programming Waveforms “’ 


READ 
PROGRAM (VERIFY) 
H a ee 


ADDRESS 


Vi 
VIH 
DATA Jd DATA DATA OUT |‘. 


aan 
6.5V 
vec 5.0V _ 


=| 
vpp 13.0V a 
5.0V tVPS 
__ VIH Notes: 
CE " i 1. The Input Timing Reference is 0.8 V for Vir and 
— fof 2.0 V for Vin. 
—— VIH 2. tog and tprp are characteristics of the device but 
PGM VIL must be accommodated by the programmer. 
tPW lee] 3. When programming the AT27C1024 a 0.1-yF 
— VIH Capacitor is required across Vpp and ground to 
OE VIL suppress spurious voltage transients. 
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D.C. Programming Characteristics Atmel’s 27C1024 Integrated 
Ta = 25+ 5°C, Voc = 6.5 + 0.25 V, Vep = 13.0+0.25 V Product Identification Code 


Hex 
Codes AO 015-08 Terre 
| Manufacturer |0 0 0 0 01 1 1 1 0 [OO1E 
Device Type | 1 0 1 11 1 0 0 0 1 |00F1 


Sym- Test Limits 
bol Parameter Conditions Min Max Units 


Input Load 
caver Vin=VIL.VIH 10 HA 


Vit | Input Low Level (Allinputs) -0.6 0.8 
Vin | Input High Level 2.0 Vcc.0.3 V 


aps htt whe ‘pega 7 
A 100 us PGM pulse width is used to program. The address is 
Output High Volt. lou=-400 pA 2.4 bd set to the first location. Vcc is raised to 6.5 V and Vpp is raised 


loco | Voc Supply Current to 13.0 V. Each address is first programmed with one 100 ps 

(Program _and Verity) PGM pulse without verification. Then a verification / repro- 

Vpp Supply CE-PGM-V gramming loop is executed for each address. In the event a word 
PP2 | Currant E=PGM=ViL fai ; , : 

ails to pass verification, up to 10 successive 100 ps pulses are 

vo AS Product applied with a verification after each pulse. If the word fails to 

VID 


Identification ’ verify after 10 pulses have been applied, the part is considered 
Voltage failed. After the word verifies properly, the next address is se- 
lected until all have been checked. Vpp is then lowered to 5.0 V 
and Vcc to 5.0 V. All words are read again and compared with 
the original data to determine if the device passes or fails. 


A.C. Programming Characteristics 
Ta = 25+5°C, Voc = 6.5 + 0.25 V, Vpp = 13.0+0.25 V 


Test 
Conditions* Limits 
Parameter (see Note 1) Min Max Units 


Address Setup Time us 
toes 


ADDR = FIRST LOCATION 
VCC = 6.5V 
VPP=13.0V 


PROGRAM ONE 100 uS PULSE 


tbH | Data Hold Time us 
OE High to Out- 
{DFP put Float Delay pee) i 
tvps | Vpp Setup Time 2 us 
tvcs | Vcc Setup Time 2 ps 
PGM Program 
tPpw Pulse Width (Note 3) 95 10S us 
toe | Data Valid from OE 150 ns 
*A.C. Conditions of Test: 
Input Rise and Fall Times (10% to 90%) ......... 20 ns 
Input Pulse Levels ....occccasassccaes 0.45 Vto2.4V 
Input Timing Reference Level .......... 0.8 V to 2.0 V 
Output Timing Reference Level ......... 0.8 V to 2.0 V as ie 
Notes: 


1. Vcc must be applied simultaneously or before Vpp and removed si- 
multaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 [sec + 5%. 


PASSED 
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Ordering Information 


= (mA) 
Standby 


Ordering Code Operation Range 


AT27C1024-10DC 
AT27C1024-10KC 
AT27C1024-10LC 


AT27C1024-12DC 
AT27C1024-12JC 
AT27C1024-12KC 
AT27C01024-12LC 
AT27C01024-12PC 


AT27C1024-12DI 
AT2701024-12Jl 
AT27C1024-12KI 
AT2701024-12L1 
AT27C1024-12PI 


AT27C1024-12DM 
AT27C1024-12KM 
AT27C1024-12LM 


AT27C1024-12DM/883 
AT27C1024-12KM/883 
AT27C1024-12LM/883 


AT27C1024-15DC 
AT27C1024-15JC 
AT27C01024-15KC 
AT27C1024-15LC 
AT27C1024-15PC 


AT27C01024-15DI 
AT2701024-15Jl 
AT27C1024-15KI 
AT27C01024-15LI 
AT27C1024-15PI 


AT27C1024-15DM 
AT27C1024-15KM 
AT27C1024-15LM 


AT27C1024-15DM/883 
AT27C1024-15KM/883 
AT27C1024-15LM/883 


AT27C1024-20DC 
AT27C01024-20JC 
AT27C1024-20KC 
AT27C1024-20LC 
AT27C1024-20PC 


AT27C1024-20DI 
AT27C1024-20Jl 
AT27C1024-20KI 
AT27C1024-20LI 
AT27C1024-20PI 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 
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Ordering Information 


tACC Icc (MA) 
Ordering Code Pack i 
meron anes 


AT27C1024-20DM 40DW6 
AT27C01024-20KM 44KW 
AT27C1024-20LM 44LW 


AT27C1024-20DM/883 40DW6 
AT27C01024-20KM/883 44KW 
AT27C1024-20LM/883 


5962-86805 06 QX 
5962-86805 06 XX 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
5962-86805 01 QX Military/883C 
5962-86805 01 XX Class B, Fully Compliant 
(-55°C to 125°C) 


5962-86805 05 QX 
5962-86805 05 XX 


5962-86805 04 QX 
5962-86805 04 XX 


5962-86805 03 QX 
5962-86805 03 XX 


5962-86805 02 QX 
5962-86805 02 XX 


Package Type 
40DW6 40 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


| 44) | 44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


| 4aKWw 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
44LW 44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline package OTP (PDIP) 
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ORI nemo, D1 27HC1O024 


Features 


e Very Fast Read Access Time - 55ns 
e Low Power CMOS Operation 
8 mA max. Standby 
80 mA max. Active at 10 MHz 
e Wide Selection of JEDEC Standard Packages Including OTP 
40-Lead 600-mil Cerdip and OTP Plastic 
44-Pad LCC and OTP PLCC 
High Output Drive Capability 
High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
Rapid Programming - 100 1s/word (typical) 
Two-line Control 
CMOS and TTL Compatible Inputs and Outputs 
integrated Product Identification Code 
Full Military, Industrial and Commercial Temperature Ranges 


Description 
The AT27HC1024 chip is a high-speed, low-power 1,048,576 bit Ultraviolet Eras 
Electrically Programmable Read Only Memory (EPROM) organized as 

requires only one 5-V power supply in normal read mode operation. .A 
cessed in less than 55 ns, eliminating the need for speed reducing 


digital signal processor systems. 


In read mode, the AT27HC1024 typically consumes 50 mA 
current is typically less than 1 mA. 


astic, and 44-pad ceramic 
PLCC). All devices feature 


ysl it the delays of mass storage media. 
The AT27HC1024 has exceptional C jutput.device capability— source 4 mA and sink 


16mA per output. 


continued on next page 


CDIP, PDIP Top View LCC, JLCC, PLCC Top View 


013 015 VPP VCC_NC A14 
014 CE NC PGM A15 


00-015 [Outputs 


17 19 21 23 25 27 29 
18 20 22 24 26 28 


Chip Enable 

‘OE Output Enable 

—— 05 A6 
Program Strobe = a. ae 
NC 


Note: Both GND pins must be 
connected. 


O02 OO_NC Al A3 
03 01 OE AO A2 AA 


Note: PLCC Package Pins 1 and 
23 are DON’T CONNECT. 


AIMEL 
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Description (Continued) Block Diagram 
Atmel’s 27HC1024 has additional features to ensure high qual- oe _* weal ee 
ity and efficient production use. The Rapid Programming Algo- VPP ——> 


rithm reduces the time required to program the part and guaran- OE 
tees reliable programming. Programming time is typically only cE 
100 ps/word. Atmel’s high speed single transistor floating poly 


OUTPUT 
OE,CEAND | | 
PROGRAM LOGIC a BUFFERS 
ae 
ibe 
P 


‘he PGM 
EPROM cell technology also speeds up programming by elimi- TY DECODER | [GATING | 
nating the second program "Os" operation required for two tran- AO-A15 Ll aint TSA 
sistor per cell designs. The AT27HC1024 uses the same widely ADDRESS 


accepted programming algorithm as the AT27C1024. The Inte- INPUTS 


X DECODER 
: : ; ; uses IDENTIFICATION 
grated Product Identification Code electronically identifies the 


device and manufacturer. This feature is used by industry stan- Absolute Maximum Rati ngs* 
dard programming equipment to select the proper programming 


algorithms and voltages. Temperature Under Bias -55°C to +125°C 
Storage Temperature -65°C to +150°C 
Voltage on Any Pin with 

Erasure Characteristics Respect to Ground -2.0 V to +7.0 V"") 

The entire memory array of the AT27HC1024 is erased (all out- Voltage on A9 with ri 

puts read as Von) after exposure to ultraviolet light at a wave- Respect to Ground -2.0V to +14.0 V 


length of 2537A. Complete erasure is assured after a minimum Von Bunoly Wor ith 
of 20 minutes exposure using 12,000 uW/cm intensity lamps PP PEP H SOnAgS m3 . 
ati Respect to Ground -2.0 V to +14.0 V") 
spaced one inch away from the chip. Minimum erase time for 
lamps al other intensity ratings can be calculated from the min- Integrated UV Erase Dose 7258 Wesec/cm? 
imum integrated erasure dose of 15 W-sec/cm”. To prevent un- 
intentional erasure, an opaque label is recommended to cover 
the clear window on any UV erasable EPROM which will be *NOTICE: Stresses beyond those listed under "Absolute Maxi- 


subjected to continuous fluorescent indoor lighting or sunlight. mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 


vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc+0.75 V de which may overshoot to +7.0 V for pulses of 
less than 20 ns. 


Operating Modes 


Mode \ Pin CE OE PGM Ai VpP Vcc Outputs 
Read Vit ViL x") Ai X Vec _Dout 
Output Disable X VIH X X X Vcc High Z 


Standby ViH X x x x) Vcc  HighZ 

Rapid Program!) VIL VIH VIL Ai Vpp Vec DIN 

PGM Verify VIL VIL VIH Ai Vpp Vcc DouT 

PGM Inhibit ViIH X X X Vpp Vcc High Z 

AQ=Vy icc 
Product Identification VIL AO=ViH or VIL Vec hell 
A1-A15=VIL 
Notes: 1. X can be Vy or Vin. and AO which is toggled low (Vr) to select the Manufacturer’s 
2. Refer to Programming characteristics. Identification byte and high (Vy) to select the Device Code 
5. Va= 1202635 V. byte. 
4. Two identifier bytes may be selected. All Ai inputs 5. Standby Vcc current (Isp) is specified with Vpp=Vcc. Vcc > 
are held low (Vjr), except A9 which is set to Vy Vpp will cause a slight increase in Isp. 
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D.C. and A.C. Operating Conditions for Read Operation 


AT27HC1024 
-55 


-70 -90 
Operating ; 0°C - 70°C 0°C - 70°C 0°C - 70°C 


Temperature Lo. et -40°C - 85°C -40°C - 85°C 
(Case) Mi | -55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+5% 5V+10% 5V+10% 


D.C. and Operating Characteristics for Read Operation 


Symbol Parameter Condition Min Max Units 
Input Load Current Vin = -0.1 V to Vec+1 V 5 pA 
Output Leakage Current VouT = -0.1 V to Vec+0.1 V LA 
Vpp “) Read/Standby Current Vpp = 3.8 to Vec+0.3 V 

Isp1 (CMOS) Com. 
CE = Vcc-0.3 to Vcc+1.0 V 
IsB Voc ‘” Standby Current i Ind., Mil. 
Isp2 (TTL) Com. 
CE = 2.0 to Voc+1.0 V Ind., Mil. 
Ice Vcc Active Current pa 1OManiZ {our «0 mr, 
E=ViL 
Input Low Voltage 06 08 V 
Input High Voltage 20 VecHt  V 
Output Low Voltage lo. = 16 mA 45 V 
IOH = -100 pA Vcc-0.3 V 

VOH Output High Voltage 
Von P 9 IOH = -4.0 MA 2.4 V 
Notes: 1. Vcc must be applied simultaneously or before Vpp, 2. Vpp may be connected directly to Vcc, except during program- 

and removed simultaneously or after Vpp. ming. The supply current would then be the sum of Icc and Ipp. 


A.C. Characteristics for Read Operation 
AT27HC1024 


Condition 


Address to CE=OE Com. 
Output Delay = VIL 


ANNE, swseetcncccnsmmeneccoem 


A.C. Waveforms for Read Operation “’ 


ADDRESS {ADDRESS VALID —_— 


1. Timing measurement references is 1.5 V. Input 
AC driving levels are 0.0 V and 3.0 V, unless 
otherwise specified.C, = 30 pF, add 6 ns for 
Cy = 100 pF. 

2. tpg is specified from OE. tpr is measured at 
Vou-0.5 V or Vo_+0.5 V with CL = 5 pF. 

3. OE may be delayed up to tcg-tog after the 
falling edge of CE without impact on tce. 

4. OE may be delayed up to tacc-tog after the 
address is valid without impact on tacc. 


OUTPUT. 
5. This parameter is only sampled and is not 
100% tested. 
Input Test Waveforms Output Test Load 
and Measurement Levels 5.0V 
3.0V 250 
AC AC OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS LEVEL 167 CL 
0.0V Note: Cy =30 pF including 
tr, te< 5 ns (10% to 90%) jig capacitance. 


Pin Capacitance (f= 1 MHz T = 25°C) °” 


Conditions 


Vin=0V 
Vout =0 V 


Notes: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Programming Waveforms “’ 


READ 
PROGRAM (VERIFY) 


vi a 


ADDRESS \,, 


DATA i SATROUT TY, 


VIL 
6.5V 
veo ov -_ 
‘eas tDFP 


vpp 13.0V F 
5.0V tVPS 
- VIH Notes: 
CE VIL i 1. The Input Timing Reference is 0.0 V for Viz and 


VIH 2. tog and tprp are characteristics of the device but 


PGM VIL must be accommodated by the programmer. 
{PW = 3. When programming the AT27HC1024 a 0.1-yF 
ae VIH Capacitor is required across Vpp and ground to 


VIL suppress spurious voltage transients. 
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D.C. Programming Characteristics 
Ta = 25+5°C, Voc = 6.5 + 0.25 V, Vpp = 13.04 0.25 V 


Test Limits 
Conditions Min Max Units 


10 pA 
08 V 


Sym- 
bol Parameter 


IL Input Load Current Vin=Vit,ViH 


ViL | Input Low Level (Allinputs)  -0.6 
Input High Level 2.0 
Output Low Volt. 


Voec+1 V 

lo.=16mA 45 V 

VoH | Output High Volt. lou=-4mA 2.4 Vv 
Vcc Supply Current 

, (Program and Verify) 60 mA 

40 mA 


Vpp Supply SS ea 
Curent CE=PGM=ViL 


A9 Product 
Vip | Identification 
Voltage 


A.C. Programming Characteristics 
Ta = 25+5°C, Voc = 6.5 + 0.25 V, Vpp = 13.0+0.25 V 


Test 
Conditions* Limits 
Parameter (see Note 1) Min Max Units 


tozs |OESetupTime ns 
OH 
tore OE High to Out- 
DFP put Float Delay 
Vpp Setup Time 2 m 


Vcc Setup Time 2 Th) 


PGM Program 
PW | Pulse Width pai 3) i 


s 
Data Valid from OE 150 ns 


* A.C. Conditions of Test: 


(Note 2) 0 130 ons 
Ss 


Input Rise and Fall Times (10% to 90%) .......... 5 ns 

Input Pulse LEVIS’ «26 ex ccenew ewan wnees 0.0 V to 3.0 V 

Input Timing Reference Level 22... ccsksswsaces lS Vv 

Output Timing Reference Level ................ Ls ¥ 
Notes: 


1. Vcc must be applied simultaneously or before Vpp and removed si- 


multaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 Usec + 5%. 
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Atmel’s 27HC1024 Integrated 
ode 


Product Identification 


Hex 
Codes AO 015-08 O7 06 05 04 03 te 
|Manutacturer |0 0 0 0 0 1 1 1 1 0 [OIE 
Device Type | 1 0 01 1 0 0 0 0 1 |0061 


Rapid Programming Algorithm 


A 100 pts PGM pulse width is used to program. The address is 
set to the first location. Vcc is raised to 6.5 V and Vpp is raised 
to 13.0 V. Each address is first programmed with one 100 ys 
PGM pulse without verification. Then a verification / repro- 
gramming loop is executed for each address. In the event a word 
fails to pass verification, up to 10 successive 100 us pulses are 
applied with a verification after each pulse. If the word fails to 
verify after 10 pulses have been applied, the part is considered 
failed. After the word verifies properly, the next address is se- 
lected until all have been checked. Vpp is then lowered to 5.0 V 
and Vcc to 5.0 V. All words are read again and compared with 
the original data to determine if the device passes or fails. 


ADDR = FIRST LOCATION 
VCC = 6.5V 
VPP=13.0V 


PROGRAM ONE 100 uS PULSE 


FAIL 
venir _ 
WORD INCREMENT X 
PROGRAM ONE 100 uS PULSE 


VCC = 5.0V 
VPP=5.0V 
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Ordering Information 


tacc 
(ns) | Active | Standby | 


Ordering Code Operation Range 


AT27HC1024-55DC Commercial 
AT27HC1024-55JC (0°C to 70°C) 
AT27HC1024-55KC 
AT27HC1024-55LC 


AT27HC1024-55PC 


AT27HC1024-55DI 
AT27HC1024-55Jl 
AT27HC1024-55LI 


AT27HC1024-70DC 
AT27HC1024-70JC 
AT27HC1024-70KC 
AT27HC1024-70LC 
AT27HC1024-70PC 


AT27HC1024-70DI 
AT27HC1024-70Jl 
AT27HC1024-70KI 
AT27HC1024-70LI 
AT27HC1024-70PI 


AT27HC1024-70DM Military 
AT27HC1024-70KM (-55°C to 125°C) 
AT27HC1024-70LM 


AT27HC1024-70DM/883 
AT27HC1024-70KM/883 
AT27HC1024-70LM/883 


AT27HC1024-90DC 
AT27HC1024-90JC 
AT27HC1024-90KC 
AT27HC1024-S0LC 
AT27HC1024-S0PC 


AT27HC1024-90DI Industrial 
AT27HC1024-90JI (-40°C to 85°C) 
AT27HC1024-90KI 
AT27HC1024-90LI 
AT27HC1024-90PI 


AT27HC1024-90DM 
AT27HC1024-90KM 
AT27HC1024-S0LM 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Military 
(-55°C to 125°C) 


AT27HC1024-90DM/883 40DW6 Military/883C 
AT27HC1024-90KM/883 44KW Class B, Fully Compliant 
AT27HC1024-90LM/883 44LW (-55°C to 125°C) 


5962-86805 08 QX 
5962-86805 08 XX 


40DW6 
44LW 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


5962-86805 07 QX 40DW6 
5962-86805 07 XX 44LW 
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AT27HC1024 


Ordering Information 


Package Type 


40DW6 40 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


| 44) =| 44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
| 4aKWw 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 
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Features 


e Wide Power Supply Range, 3.0 VDC to 5.5 VDC 
Compatible with JEDEC Standard AT27C1024 
e Low Power CMOS Operation 
100 yA max. Standby 
33 mW max. Active at 1 MHz for Vcc = 3.3 VDC 
165 mW max. Active at 5 MHz for Vcc = 5.5 VDC 
e Read Access Time - 250 ns 
e Wide Selection of JEDEC Standard Packages Including OTP 1M i 
40-Lead, 600-mil Cerdip and OTP Plastic DIP egabit 
(64K x 16) 


44-Pad LCC and OTP PLCC 
e High Reliability CMOS Technology 


2000 V ESD Protection Low 
200 mA Latchup Immunity . Voltage 
e Rapid Programming - 100 ys/word (typical) UV 
e Two-line Control 
e CMOS and TTL Compatible Inputs and Outputs Erasabl 
e Integrated Product Identification Code ’ 
e Commercial and Industrial Temperature Ranges CMOS 


EPROM 


Description 

The AT27LV 1024 chip is a low-power, low voltage 1,048,576-bit Ultraviolet Erasable and 
Electrically Programmable Read Only Memory (EPROM) organized 64K x 16. It requires 
only one power supply in the range of 3.0 to 5.5 VDC in normal read mode operation. Any 
word can be accessed in less than 250 ns, eliminating the need for speed reducing WAIT 
states. The by-16 organization makes these parts ideal for high-performance 16- and 32-bit 
microprocessor systems. 

With a typical power draw of only 20 mW at 1 MHz and VCC at 3.3 VDC, the AT27LV 1024 
will draw less than one-fifth the power of a standard 5-V EPROM. Standby mode supply 
current is typically less than 10 pA. 


Pin Configurations = CDIP,PDIP Top View = PLCC, LCC, JLCC Top View 


013 015_VPP VCC_NC A14 
014 CE NC PGM A15 


100-015 [Outputs 
CE 
JOE ____|OutputEnable 
PGM 


Note: Both GND pins must be con- 
nected. 


O02 OO_NC At A3 
03 01 OE AO A2 A4 


Note: PLCC Package Pins 1 and 
23 are DON’T CONNECT. 
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designers the flexibility to prevent bus contention. 


Y DECODER Y-GATING 


Tai eeES SSS 

Description (Continued) Block Diagram 
The AT27LV1024 comes in a choice of industry standard GND —» ee 
JEDEC-approved packages including; 40-pin DIP in ceramic or vPpP ——> TV MAADAGAAAAAAAAA 
one time programmable (OTP) plastic, and 44-pad ceramic OE ai OUTPUT 
leadless chip carrier (LCC), or OTP plastic J-leaded chip carrier CE eee 2 BUFFERS 
(PLCC). All devices feature two line control (CE, OE) to give PGM a 
With high density 64K d bility, th AQ-A1S a < 

i ig ensity word storage capability, the : [CELLMATRIX | 
AT27LV 1024 allows firmware to be stored reliably and to be ee /xoecooen | ctecatsb hit 
accessed by the system without the delays of mass storage 


media. 


Atmel’s 27LV 1024 has additional features to ensure high qual- 
ity and efficient production use. The Rapid Programming Algo- ss P 
rithm reduces the time required to program the part and guaran- Temperature Under Bias -55°C to +125°C 
tees reliable programming. Programming time is typically only 


Absolute Maximum Ratings* 


fe) fe) 

100 pis/word. The Integrated Product Identification Code elec- slorage Temperature Ree righ" 
tronically identifies the device and manufacturer. This feature is Voltage on Any Pin with 
used by industry standard programming equipment to select the Respect to Ground -2.0Vto +7.0 Vv") 
proper programming algorithms and voltages. 

Voltage on A9 with 

Respect to Ground -2.0 V to +14.0 Vi") 
Erasure Characteristics Vpp Supply Voltage with 
The entire memory array of the AT27LV 1024 is erased (all out- Respect to Ground -2.0 V to +14.0 V™) 


puts read as Vou) after exposure to ultraviolet light at a wave- 
length of 2537A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 uW/cm? intensity lamps 
spaced one inch away from the chip. Minimum erase time for *NOTICE: Stresses beyond those listed under "Absolute Maxi- 


Integrated UV Erase Dose 7258 Wesec/cm? 


lamps at other intensity ratings can be calculated from the min- mum Ratings" may cause permanent damage to the device. 
imum integrated erasure dose of 15 W-sec/cm*. To prevent un- This is a stress rating only and functional operation of the de- 
intentional erasure, an opaque label is recommended to cover vice at these or any other conditions beyond those indicated in 
the clear window on any UV erasable EPROM which will be the operational sections of this specification is not implied. 


subjected to continuous fluorescent indoor lighting or sunlight. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Notes: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vcec+0.75 V de which may be exceeded if certain precautions 
are observed (consult application notes) and which may over- 
shoot to +7.0 V for pulses of less than 20 ns. 


Operating Modes 
Mode \ Pin CE OE PGM Ai Vpp Vcc Outputs 


Read VIL VIL x") Ai x Vcc Dout 
Output Disable X VIH X X X Vcc High Z 
Standby VIH x x X x!) Vcc HighZ 


Rapid Program!) i VPP Voc DIN 

PGM Verify i Vpp Vcc DouT 

PGM Inhibit VpP Vcc 

Product Identification’) AO=VinorViL =~ Vc Vec ele 

A1-A15=VIL 
Notes: 1. X can be Vy or Vin. and AO which is toggled low (Vj) to select the Manufacturer’s 
2. Refer to Programming characteristics. Identification byte and high (Vix) to select the Device Code 
3. Vn = 12.0405 V. byte. 
4. Two identifier bytes may be selected. All Ai inputs 5. Standby Vcc current (Isp) is specified with Vpp=Vcc. Vcc > 
are held low (Vjr), except A9 which is set to Vy Vpp will cause a slight increase in Isp. 
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D.C. and A.C. Operating Conditions for Read Operation 


AT27LV1024 
-2 


5 -30 
Operating Com. 0°C - 70°C 0°C - 70°C 
Temperature (Case) Ind. -40°C - 85°C -40°C - 85°C 


Vcc Power Supply 5V+10% 5V+10% 


D.C. and Operating Characteristics for Read Operation 


Symbol Parameter 
Iu Input Load Current 
ILO Output Leakage Current 


(2) | Vpp () Read/Standby 
Current 


Voc ‘” Standby Current 


Ioc Vcc Active Current 


VIL Input Low Voltage 


Input High Voltage 
Output Low Voltage 


Condition 
Vin = -0.1 V to Voc+1 V 
Vout = -0.1 V to Vcc+0.1 V 


Vpp = 3.8 to Vcc+0.3 V 
Ispi (CMOS) 
CE = Vcc-0.3 to Vcc+1.0 V 


IsB2 (TTL) 
CE = 2.0 to Vcc+1.0 V 


f = 5 MHz, lout = 0 mA, 
CE = Vit, Vcc = 5.5 V 


1 MHz, lout = 0 mA, 
E=Vi_, Voc =3.3 V 
-0.6 
2.0 
loL = 2.1 MA 


Max 
S pA 
10 pA 


0.8 
Vec+.75 V 


IOH = -100 LA Vcc-0.3 
IOH = -2.5 MA a 
IOH = -400 LA 2.4 


Notes: 1. Vcc must be applied simultaneously or before Vpp, 
and removed simultaneously or after Vpp. 


VOH Output High Voltage 


2. Vpp may be connected directly to Vcc, except during program- 
ming. The supply current would then be the sum of Icc and Ipp. 


A.C. Characteristics for Read Operation 


Symbol Parameter Condition 


Output Hold from Address, CE 
or OE, whichever occurred first 


Notes: 2,3,4,5.-see AC Waveforms for Read Operation. 


CE =OE =VIL 
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A.C. Waveforms for Read Operation “’ 


. ADDRESS VALID 


ADDRESS 


HIGH ZY output h_|N 
NK vain OY 


Input Test Waveforms 
and Measurement Levels 


2.4V 


2.0 


AC AC 
DRIVING MEASUREMENT OUTPUT 
LEVELS og LEVEL 


0.45V 
tr, te< 20 ns (10% to 90%) 


Pin Capacitance (f= 1 MHz, T= 25°C) ’’ 


Notes: 

1. Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V, unless otherwise specified. 

2. OE may be delayed up to tcg-tok after the 
falling edge of CE without impact on tcg. 

3. OE may be delayed up to tacc-tog after the 
address is valid without impact on tacc. 

4. This parameter is only sampled and is not 
100% tested. 

5. Output float is defined as the point when data is 
no longer driven. 


Output Test Load 


1.3V 
(1N914) 
3.3K 
CL Note: C_=100pF 
i including jig capacitance. 


Conditions 


Vin = OV 
VouT = 0V 


Notes: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Programming Waveforms “’ 


READ 
PROGRAM (VERIFY) 
vie he ae 
ADDRESS ,, ADDRESS STABLE |  — | _ DP 
tAS tAH 
DATA vn NEO 
VIL (DATA! IN > q D: 
oF 
6.5V 
se 5.0V a 
13.0V 
5.0V {VPS 
ae VIH 
ma VIL \—-- 
oe VIH 
PGM wn. 
tPW im 
— VIH 
OE 
VIL 
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Notes: 

1. The Input Timing Reference is 0.8 V for Vi and 
2.0 V for Vip. 

2. tog and tprp are characteristics of the device but 
must be accommodated by the programmer. 

3. When programming the AT27LV1024 a 0.1-pF 
capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming Characteristics 
Ta = 25+5°C, Vcc = 6.5 + 0.25 V, Vpp = 13.0+ 0.25 V 


Sym- Test Limits 
bol Parameter Conditions Min Max Units 


Input Load Current Vin=Vit,ViH 10 pA 


Vit | Input Low Level (Allinputs) -0.6 0.8 V 


Input High Level 2.0 Vcc+1 V 
Output Low Volt. 


loL=2.1 mA 
loH=-400 pA 2.4 


Output High Volt. 


Vcc Supply Current 
CC2 (Program and Verify) 


Vpp Supply 


Current CE=PGM=ViL 


A.C. Programming Characteristics 
Ta = 25+5°C, Voc = 6.5 + 0.25 V, Vpp = 13.0+0.25 V 


Test 
Sym- Conditions* Limits 
bol Parameter (see Note 1) Min Max Units 


OE High to Out- 
put Float Delay 


> 


Cs ME coe eee oO ad 
oO oO 
TT 
Uv 


(Note 2) 0 130 on 


S 
Ps | Vpp Setup Time 2 us 


tvcs | Vcc Setup Time 2 us 


PGM Program 
Pulse Width 


Data Valid from OE 150 


< 


WwW 


lomal 
wea 


(Note 3) 95 105 = us 
ns 


* A.C. Conditions of Test: 


Input Rise and Fall Times (10% to 90%) ......... 20 ns 

Input Pulse LEVIS 50 ccedcacnseenewens 0.45 V 02.4 V 

Input Timing Reference Level .......... 0.8 V to 2.0 V 

Output Timing Reference Level ......... 0.8 V to 2.0 V 
Notes: 


1. Vcc must be applied simultaneously or before Vpp and removed si- 


multaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 


3. Program Pulse width tolerance is 100 Usec + 5%. 


AT27LV1024 


Atmel’s 27LV1024 Integrated 
Product Identification Code“ 


Hex 
co 
|Manufacturer |0 0 0 0 0 1 1 1 1 0 |0O1E| 
Device Type | 1 0 11141 1 0 0 0 1 |O0F1 


Note: 1. The AT27LV1024 has the same Product Identification 
Code as the AT27C 1024. Both are programming com- 
patible. 


Rapid Programming Algorithm 


A 100 ps PGM pulse width is used to program. The address is 
set to the first location. Vcc is raised to 6.5 V and Vpp is raised 
to 13.0 V. Each address is first programmed with one 100 ps 
PGM pulse without verification. Then a verification / repro- 
gramming loop is executed for each address. In the event a word 
fails to pass verification, up to 10 successive 100 Us pulses are 
applied with a verification after each pulse. If the word fails to 
verify after 10 pulses have been applied, the part is considered 
failed. After the word verifies properly, the next address is se- 
lected until all have been checked. Vpp is then lowered to 5.0 V 
and Vcc to 5.0 V. All words are read again and compared with 
the original data to determine if the device passes or fails. 


ADDR = FIRST LOCATION 
VCC = 6.5V 
VPP=13.0V 


PROGRAM ONE 100 uS PULSE 


LAST 
ADDR.? 


INCREMENT 
ADDRESS 


VCC = 5.0V 
VPP=5.0V 
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LV EPROM Product Characteristics 


NORMALIZED SUPPLY CURRENT vs. FREQUENCY NORMALIZED SUPPLY CURRENT vs. VOLTAGE 
Temp = 25°C, IOUT = 0, CE = VIL Temp = 25°C, IOUT = 0, CE = VIL 

N N 

fe) 0 

r r 

m m 

a a 

| | 

Zz Zz 

e e 

d d 

01 1.0 t 
Frequency (MHz) Supply Voltage (Volts) 
NORMALIZED ACCESS TIME vs. TEMPERATURE NORMALIZED SUPPLY CURRENT vs. TEMP. 
een 1 MHz, IOUT =0 

N N 

ad ce] 

J r 
m m 

a a 

| | 

i 

2 y 

e 

d d 

Temperature (°C) Temperature (°C) 
NORMALIZED ACCES TIME vs. SUPPLY VOLTAGE OUTPUT SINK CURRENT vs. OUTPUT VOLTAGE 
Temp = 25°C 

N Cc 

° Uu 

r r 
m r 

a e 

| n 

t 

Zz 

e m 

d A 


Supply Voltage (Volts) Output Voltage (Volts) 


OUTPUT SOURCE CURRENT vs. OUTPUT VOLTAGE 
Temp = 25°C 


e737. onrr CO 


>3 


2 3 
Output Voltage (Volts) 
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Ordering Code Operation Range 


AT27LV1024-25DC 
AT27LV1024-25JC 
AT27LV1024-25KC 
AT27LV1024-25LC 
AT27LV1024-25PC 


AT27LV1024-25DI 
AT27LV1024-25KI 
AT27LV1024-25LI 


AT27LV1024-30DC Commercial 
AT27LV1024-30JC (0°C to 70°C) 
AT27LV1024-30KC 
AT27LV1024-30LC 
AT27LV1024-30PC 


AT27LV1024-30DI Industrial 
AT27LV1024-30KI (-40°C to 85°C) 
AT27LV1024-30LI 


Ordering Information 


Icc (MA) 
Standby 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Package Type 


40DW6 40 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


| 4a 44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
| 44KW | 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


40 Lead, 0.600" Wide, Plastic Dual Inline package OTP (PDIP) 
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Features 

e Fast Read Access Time - 100 ns 

e Low Power CMOS Operation 
100 A max. Standby 
25 mA max. Active at 5 MHz 

e Wide Selection of JEDEC Standard Packages Including OTP 
32-Lead 600-mil Cerdip and OTP Plastic DIP, or TSOP 
32-Pad LCC and OTP PLCC 


e 5V+10% Supply . 
e High Reliability CMOS Technology 4 Megabit 
2000 V ESD Protection 
200 mA Latchup Immunity (51 2K X 8) 
e Rapid Programming - 100 j1s/byte (typical) UV 
e Two-line Control 
e CMOS and TTL Compatible Inputs and Outputs 
e Integrated Product Identification Code Erasable 
e Full Military, Industrial and Commercial Temperature Ranges CM Os 
Description 


The AT27C040 chip family is a low-power, high-performance 4,194,304 bit Ultraviolet Eras- 
able and Electrically Programmable Read Only Memory (EPROM) organized as 512K x 8 
bits. The AT27C040 requires only one 5-V power supply in normal read mode operation. Any 
byte can be accessed in less than 100 ns, eliminating the need for speed reducing WAIT states 
on high-performance microprocessor systems. 


Atmel’s 1.0-micron scaled CMOS technology provides for significantly lower active power 
consumption than competing designs. Power consumption is typically 8 mA in active mode 
and less than 10 pA in standby mode. 


CDIP, PDIP, Top View 
Pin Configurations 


JOE [OutputEnable 


1 
2 
3 
4 
5 
6 
Y 4 
8 
9 


LCC, PLCC Top View TSOP Top View 
Type 1 


Ail2 A1i6 VCC A17 
A15VPP A118 


13-45 17 19 21 
14.16 18 20 


02 O03 OS 
O01 GND 04 O6 
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Description (Continued) Block Diagram 

The AT27C040 comes in a choice of industry standard JEDEC- a DATAQUIEUTS 
approved through hole and surface mount packages including vpp ——> a 
windowed and one-time programmable (OTP) packages, such OE OE, CE AND a areUy 

as the OTP thin snall outline package (TSOP). All devices fea- CE PROGRAM LOGIC BUFFERS 
ture two line control (CE, OE) to give designers the flexibility roe Parnes 
to avoid bus contention. AO-A18 are 

Atmel’s AT27C040 has additional features to ensure high qual- INPUTS . X DECODER 


IDENTIFICATION 


ity and efficient production use. The Rapid Programming Algo- 
rithm reduces the time required to program the part and guaran- 
tees reliable programming. Programming time is typically only . . \ 
100 is/byte. The Integrated Product Identification Code elec- Absolute Maximum Ratings 

tronically identifies the device and manufacturer. This feature is 


used by industry standard programming equipment to select the Temperature Under Bias -55°C to +125°C 
proper programming algorithms and voltages. 


Storage Temperature -65°C to +150°C 
Erasure Characteristics Voltage on Any Pin with 
The entire memory array of the AT27C040 is erased (all outputs Respect to Ground -2.0 Vto +7.0 Vv") 
read as Vou) after exposure to ultraviolet light at a wavelength 
of 2537A. Complete erasure is assured after a minimum of 20 Voltage on AQ with 
minutes exposure using 12,000 1 W/cm? intensity lamps spaced Respect to Ground -2.0 V to +14.0 Vv") 


one inch away from the chip. Minimum erase time for lamps at ,; 
other intensity ratings can be calculated from the minimum in- Vpp Supply Voltage with (1) 
tegrated erasure dose of 15 W-sec/cm”. To prevent unintentional Respect to Ground “2.0 V to +14.0V 
erasure, an opaque label is recommended to cover the clear win- Integrated UV Erase Dose 7258 Wesec/cm? 
dow on any UV erasable EPROM which will be subjected to 
continuous fluorescent indoor lighting or sunlight. 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Notes: 

1. Minimum voltage is -0.6 V dc which may undershoot to 
-2.0 V for pulses of less than 20 ns. Maximum output pin volt- 
age is Vcc + 0.75 V de which may overshoot to +7.0 V for 
pulses of less than 20 ns. 


Operating Modes 


Mode \ Pin Vpp Outputs 
Read < e Dout 
Output Disable High Z 
Standby — Z 
Fast Program’) Ai 


PGM Verify — 


PGM Inhibit VIH - die = High Z 
Product Identification" VIL AO=VIH Or VIL Vcc oF 
A1-A18=ViL 
Notes: 1. X can be Vy or Vin. 4. Two identifier bytes may be selected. All Ai inputs 
2. Refer to Programming characteristics. are held low (Vi), except A9 which is set to Vy and AO 
3. Va = 12.0405 V. which is toggled low (Vir) to select the Manufacturer’s Identi- 


fication byte and high (Vyn) to select the Device Code byte. 
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D.C. and A.C. Operating Conditions for Read Operation 


AT27C040 


-10 =12 “15 -20 
o-C-76-C o°G= 70°C oc-70°C oC-70C 


Operating 
Temperature ind | ~~ | -40°C-85°C -40°C - 85°C -40°C - 85°C 
(Case) mi | —=s*YSCsCw PW] - 125°C -5B°C - 125°C -5B°C - 125°C 


Vcc Power Supply 5V+5% 5V+10% 5V+10% 5V+10% 


D.C. and Operating Characteristics for Read Operation 


Symbol Parameter Condition Min Max Units 
Output Leakage Current VouT = -0.1 V to Vcc+0.1 V 10 LA 
IsB1 (CMOS), 
Voc “") Standby Current CE = Vcc-0.3 to Vec+1.0 V 
a Isp2 (TTL), CE = 2.0 to Voc+1.0 V 
Vcc Active Current Sev Tir 
Input Low Voltage -0.6 0.8 
Input High Voltage 2.0 Vocc+0.75 
Output Low Voltage 
IOH = -100 LA 
Output High Voltage loH = -2.5 mA 
IOH = -400 LA 
Notes: 1. Vcc must be applied simultaneously or before Vpp, 2. Vpp may be connected directly to Vcc, except during program- 
and removed simultaneously or after Vpp. ming. The supply current would then be the sum of Icc and Ipp. 


A.C. Characteristics for Read Operation 


AT27C040 


-10 -12 “15 -20 
Symbol Parameter Condition | Min Max | Min Max | Min Max | Min Max 
ince ® [Address 0 CE-OE com | 100 | 120] 50 | 200 | ns_ 
es Me inds | | t20 | 50 | 200 | ns 
tce® [CE toOuputDelay —OE=Vu | 100 | 120 | 150 | 200 | 
tor @9 OE to OutputDelay CE = Vi Ee ee ee 


(4,5) |OE High to _— 
Output Float CE = Vit 35 35 40 55 
Output Hold from __ x= ae 
tOH Address, CE or OE, CE = 
j : = VIL 
whichever occurred first 


Notes: 2,3, 4,5. - see AC Waveforms for Read Operation. 
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A.C. Waveforms for Read Operation “’ 


q ADDRESS VALID 


ADDRESS 


Notes: 

1. Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V, unless otherwise specified. 

2. OE may be delayed up to tcg-tog after the fall- 
ing edge of CE without impact on tcr. 

3. OE may be delayed up to tacc-tog after the ad- 
dress is valid without impact on tacc. 

4. This parameter is only sampled and is not 100% 
tested. 

5. Output float is defined as the point when data is 
10 longer driven. 


HIGH Z OUTPUT 
are VALID 


| ES 
| abe 


Output Test Load 


Input Test Waveforms ie 
and Measurement Levels 
_ (1N914) 
AC | 2.9 “ac OUTPUT = 
DRIVING MEASUREMENT ; _ . . 
LEVELS og LEVEL PIN CL Note: CL= 100 pF including 
' jig Capacitance. 
0.45V i 


tr, tr< 20 ns (10% to 90%) 


Pin Capacitance (f= 1 MHz, T= 25°C) °” 


Conditions 


Vin=0 V 
Vout =0 V 
Notes: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Programming Waveforms “” 


READ 
PROGRAM (VERIFY) 
vil Sea 
ADDRESS | ADDRESSSTABLE | ~—|_ dp 
tAS 1AH 
vis gq DATA ind 
DATA ci {DATA po evan IP 
tDS tDFP 


VPP 13.0V _ 

5.0V tVPS 
VCC 6.5V Notes: 

5.0V = — 1. The Input Timing Reference is 0.8 V for Vi, and 
a VIH 2.0 V for Vin. 


CE ai 2. tog and tprp are characteristics of the device but 
must be accommodated by the programmer. 

—_ ata 3. When programming the AT27C040 a 0.1-pF ca- 

OE pacitor is required across Vpp and ground to 


mi suppress spurious voltage transients. 
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D.C. Programming Characteristics 
Ta = 25+ 5°C, Voc = 6.5 + 0.25 V, Vpp = 13.0+0.25 V 


Test Limits 
Max Units 


Parameter Conditions Min 


Output High Volt. lon=-400 pA 2.4 


Vcc Supply Current 
(Program and Verify) 


Vpp Supply 

Current CE=Vit 
A9 Product 
Identification 
Voltage 


A.C. Programming Characteristics 
Ta = 25 +5°C, Voc = 6.5 + 0.25 V, Vpp = 13.0+0.25 V 


Test 
Sym- Conditions* Limits 
bol Parameter (see Note 1) Min Max Units 


OE Setup Time 
Data Setup Time 
Address Hold Time 


OE High to Out- 


put Float Delay role &} 


Vpp Setup Time 


CE Program 
Pulse Width 


(Note 3) 


Data = 
Valid from OE 


(Note 2) 


* A.C. Conditions of Test: 


Input Rise and Fall Times (10% to 90%) ......... 20 ns 

Input Pulse Levels ....s2000eeenasvnws 0.45 V to 2.4 V 

Input Timing Reference Level .......... 0.8 V to2.0 V 

Output Timing Reference Level ......... 0.8 V to 2.0 V 
Notes: 


1. Vcc must be applied simultaneously or before Vpp and removed si- 


multaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 [sec + 5%. 


| 


AT27C040 


Atmel’s 27C040 Integrated 
Product Identification Code 


J Pins Hex 
Codes 
[Manufacturer |O 0 0 0 1 1 1 1 0116 | 
Device Type |1 0 0 0 0 1 0 1 1 [0B | 


Rapid Programming Algorithm 

A 100 us CE pulse width is used to program. The address is set 
to the first location. Vcc is raised to 6.5 V and Vpp is raised to 
13.0 V. Each address is first programmed with one 100 ps CE 
pulse without verification. Then a verification/reprogramming 
loop is executed for each address. In the event a byte fails to 
pass verification, up to 10 successive 100 us pulses are applied 
with a verification after each pulse. If the byte fails to verify 
after 10 pulses have been applied, the part is considered failed. 
After the byte verifies properly, the next address is selected 
until all have been checked. Vpp is then lowered to 5.0 V and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 


ADDR = FIRST LOCATION 
VCC = 6.5V 
VPP=13.0V 


PROGRAM ONE 100 uS PULSE 


COMPARE 
ALL BYTES 


DEVICE 
PASSED 
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Ordering Information 


tacc Icc (mA) 
Ordering Code Package Operation Range 
AT27C040-10DC 32DW6 Commercial 
AT27C040-10LC 32LW (0°C to 70°C) 


AT27C040-12DC Commercial 
AT27C040-12JC (0°C to 70°C) 
AT27C040-12LC 
AT27C040-12PC 


AT27C040-12DI 
AT27C040-12uJl 
AT27C040-12L1 
AT27C040-12PI 


AT27C040-15DC 
AT27C040-15JC 
AT27C040-15LC 
AT27C040-15PC 


AT27C040-15DI 
AT27C040-15JI 
AT27C040-15LI 
AT27C040-15PI 


AT27C040-15DM 32DW6 Military 
AT27C040-15LM 32LW (-55°C to 125°C) 
AT27C040-15DM/883 32DW6 Military/883D 
AT27C040-15LM/883 Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


ye 


AT27C040-20DC 
AT27C040-20JC 
AT27C040-20LC 
AT27C040-20PC 


AT27C040-20DI 
AT27C040-20JI 
AT27C040-20LI 
AT27C040-20PI 


Industrial 
(-40°C to 85°C) 


AT27C040-20DM 32DW6 Military 
AT27C040-20LM 32LW (-55°C to 125°C) 
AT27C040-20DM/883 32DW6 Military/883D 


AT27C040-20LM/883 Class B, Fully Compliant 


(-55°C to 125°C) 


prec Ns Ordering Code Package Ever ae 
(ns) : : 
AT27C040-12TC Commercial 
(0°C to 70°C) 
AT27C040-15TC Commercial 
(0°C to 70°C) 
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sey | Se Lead, Plasic Leaded Chip Carier OTPPLCC) CSCS 
T-3aps | 32 Lead, 0.600" Wide, Plasic Dual Inne Package OTP (PDIP)——SSSCSCS~C~S~S 
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Features 


e Wide Power Supply Range, 3.0 VDC to 5.5 VDC 
Compatible with JEDEC Standard AT27C040 
e Low Power 3-Volt CMOS Operation 
100 yA max. Standby 
26 mW max. Active at 1 MHz for Vcc = 3.3 VDC 
138 mW max. Active at 5 MHz for Vcc = 5.5 VDC 
e Read Access Time - 200 ns 
e Wide Selection of JEDEC Standard Packages Including OTP 
32-Lead, 600-mil Cerdip and OTP Plastic DIP, or TSOP 
32-Pad LCC and OTP PLCC 
e High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
Rapid Programming - 100 us/byte (typical) 
Two-line Control 
CMOS and TTL Compatible Inputs and Outputs 
Integrated Product Identification Code 
Commercial and Industrial Temperature Ranges 


Description 


The AT27LV040 chip is a low power, low voltage 4,194,304 bit Ultravio 
Electrically Programmable Read Only Memory (EPROM) organized as 

requires only one supply in the range of 3.0 to 5.5 VDC in norm 
making it ideal for battery powered systems. 
With a typical power draw of only 18 mW at 1 MHz and Vcca 
will draw less than one-fifth the power of a standard 5-v : 
current is typically less than 10 WA. 


Pin Configurations 


Pin Name — Function 


Addresses 
Outputs 
joe 


PLCC, LCC Top View TSOP Top View 
Type 1 


Ai2 Ai6 VCC A17 
Ai5VPP A18 


345 17 19 21 
14°16 18 20 


02 O3 OS 
01 GND 04 O6 


Preliminary 
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Description (Continued) Block Diagram 
The AT27LV040 comes in a choice of industry standard Lo lemme ee 
JEDEC-approved through hole and surface mount packages in- vPpP ——> Teer TE e 


cluding windowed and one time programmable (OTP) pack- OE ee a OUTPUT 
ages, such as the OTP thin small outline package (TSOP). All CE PROGRAM LOGIC BUFFERS 
devices feature two line control (CE, OE) to give designers the aun Y DECODER =] vcarina | 
flexibility to prevent bus contention. Pct TCL MATRIX _| 
The AT27LV040 operating with Vcc at 3.0 VDC produces TTL INPUTS X DECODER 


IDENTIFICATION 


level outputs that are compatible with standard TTL logic de- 
vices operating at Vcc = 5.0 VDC. 


Atmel’s 27LV040 has additional features to ensure high quality 
and efficient production use. The Rapid Programming Algo- 
rithm reduces the time required to program the part and guaran- P ‘ 
tees reliable programming. Programming time is typically only Temperature Under Bias -40°C to +85°C 
100 us/byte. The Integrated Product Identification Code elec- 
tronically identifies the device and manufacturer. This feature is 
used by industry standard programming equipment to select the Voltage on Any Pin with 

proper programming algorithms and voltages. The AT27LV040 Respect to Ground -2.0 Vto +7.0 Vv") 
programs identically as an AT27C040. 


Absolute Maximum Ratings* 


Storage Temperature -65°C to +125°C 


Voltage on AQ with 
Respect to Ground -2.0 V to +14.0 Vv") 


set Vpp Supply Voltage with 
Erasure Characteristics Respect to Ground -2.0 V to +14.0 Vi") 
The entire memory array of the AT27LV040 is erased (all out- 


puts read as Von) after exposure to ultraviolet light at a wave- Integrated UV Erase Dose 7258 Wesec/cm? 
length of 2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 uW/cm? intensity lamps *NOTICE: Stresses beyond those listed under "Absolute Maxi- 
spaced one inch away from the chip. Minimum erase time for mum Ratings" may cause permanent damage to the device. 
lamps at other intensity ratings can be calculated from the min- This is a stress rating only and functional operation of the de- 
imum integrated erasure dose of 15 W-sec Jom? To prevent un- vice at these or any other conditions beyond those indicated in 
isc anal canine: annem (let Ba enone iat te Cae the operational sections of this specification is not implied. 
selon siniaa —s any UV erasable EPROM which will be Exposure to absolute maximum rating conditions for extended 
eriods may affect device reliability. 
subjected to continuous fluorescent indoor lighting or sunlight. F : a 


Notes: 

1. Minimum voltage is -0.6 V de which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc + 0.75 V de which may be exceeded if certain precau- 
tions are observed (consult application notes) and which may 
overshoot to +7.0 V for pulses of less than 20 ns. 


Operating Modes 


PGM Inhibit 


i 

i 

i 

i 
VIH VIH X 
A9=VH (3) 


Product Identification‘) Vit VIL AO=Vin or ViL x oe ee 


VppP Vcc High Z 


A1-A18=VIL 
Notes: 1. X canbe Vy or Vin. 4. Two identifier bytes may be selected. All Ai inputs 
2. Refer to Programming characteristics. are held low (Vi), except A9 which is set to Vy and AO 
3. Vy = 12.0+0.5 V. which is toggled low (Vjr) to select the Manufacturer’s Identi- 


fication byte and high (Vy) to select the Device Code byte. 
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D.C. and A.C. Operating Conditions for Read Operation 


AT27LV040 
-2 2 


0 -25 -30 
Operating Temperature Com. 0°C - 70°C 0°C- 70°C 0°C - 70°C 
(Case) Ind. -40°C - 85°C -40°C - 85°C -40°C - 85°C 
Vcc Power Supply 3.0Vto5.5V 


3.0 V to 5.5 V 3.0 V to 5.5 V 


D.C. and Operating Characteristics for Read Operation 
(VCC = 3.0 V to 5.5 V unless otherwise specified) 


Symbol Parameter Condition Min Max Units 
Input Load Current VIN = -0.1 V to Vec+1 V 5 pA 
Output Leakage Current VouT = -0.1 V to Vec+0.1 V 10 pA 
Vpp “') Read/Standby Current Vpp = Vcc-0.7 V to Vec+0.3 V 10 yA 


Isp1 (CMOS), 
Voc ‘” Standby Current CE = Vcc-0.3 to Vec+1.0 V 


Isp2 (TTL), CE= 2.0 to Voc+1.0 V 


f = 5 MHz, lout = 0 mA, 
CE=Vit, Vcc =5.5V 


Icci 


Vcc Active Current 


f = 1 MHz, louT=0mA 

loca E= Vit, Voc = 3.3 V 
Input Low Voltage -0.6 0.8 V 
Input High Voltage 2.0 Vcc+0.75 V 
Output Low Voltage loL = 2.1 mA .45 V 


lOH = -100 LA Voc-0.3 V 
VOH Output High Voltage . 
IOH = -400 LA 2.4 
Notes: 1. Vcc must be applied simultaneously or before Vpp, 2. Vpp may be connected directly to Vcc, except during program- 
and removed simultaneously or after Vpp. ming. The supply current would then be the sum of Icc and Ipp. 


A.C. Characteristics for Read Operation (VCC = 3.0V to 5.5V) 
AT27LV040 
-20 -25 -30 


Symbol_ Parameter Condition Min Max | Min Max | Min Max_ 
| 250 | 


E to Output Delay 


OE High to Output Float 


Output Hold from Address, CE or 
OE, whichever occurred first 


Notes: 2,3, 4,5. - see AC Waveforms for Read Operation. 
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A.C. Waveforms for Read Operation “” 


ADDRESS VALID 


ADDRESS 


2.4V 

AC oD 46; 
DRIVING MEASUREMENT 
LEVELS og LEVEL 


tr, te< 20 ns (10% to 90%) 


Pin Capacitance (f= 1 MHz, T= 25°C)” 


Notes: 


1. 


Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. See Input Test Waveforms and 
Measurement Levels. 


. OE may be delayed up to tcg-tog after the fall- 


ing edge of CE without impact on tck. 


. OE may be delayed up to tacc-tog after the ad- 


dress is valid without impact on tacc. 


. This parameter is only sampled and is not 100% 


tested. 


. Output float is defined as the point when data is 


no longer driven. 


Output Test Load 


1.3V 


(1N914) 


3.3K 
OUTPUT 


PIN | 


Note: Cr = 100 pF 
including jig capacitance. 


CL 


Conditions 


Vin =OV 


Programming Waveforms “’ 


READ 
PROGRAM (VERIFY) 
” es 
ADDRESS |, . ADDRESS STABLE | — |_ dp 


VIH 
{DATA AAD. _|P 


DATA a: 
VPP 13.0V = 
Vere 6.5V 
= =| 
CE VIH 
OE VIH 
VIL 
4-98 AT2/7LV040 


VouT = 0 V 
Notes: 1. Typical values for 5-V supply voltage. This parameter is only sampled and is not 100% tested. 


Notes: 


le 


2s 


5s 


The Input Timing Reference is 0.8 V for Vir and 
2.0 V for Vqq. 

tor and tprp are characteristics of the device but 
must be accommodated by the programmer. 
When programming the AT27LV040 a 0.1-yF 
capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming Characteristics 
Ta = 25+5°C, Vcc = 6.5 + 0.25 V, Vpp = 13.0+ 0.25 V 


Test Limits 
Conditions Min Max Units 


Sym- 
bol Parameter 


Iu Input Load Current Vin=Vit,ViH 10 pA 


Vit | Input Low Level (Allinputs) -0.6 0.8 V 
ViH | Input High Level 2.0 Vcc+1 V 


Vpp Supply 
Current 


A9 Product 
Vip _ | Identification 
Voltage 


A.C. Programming Characteristics 
Ta = 25+5°C, Vcc = 6.5 + 0.25 V, Vpp = 13.04 0.25 V 


CE=ViL 


Test 
Conditions* Limits 


Parameter (see Note 1) Min Max Units 


55 [Data Setup Time 
1 [DaiaHod Tine 


OE High to Out- 
put Float Delay we 


O 
a 


(Note 2) 0 Ss 
Ss 


vps | Vpp Setup Time 2 Tt 


tvcs | Vcc Setup Time 2 us 


CE Program 
Pulse Width 


Data __ 
Valid from OE 


(Note 3) 95 105 us 


oO 
EE 


(Note 2) 


* A.C. Conditions of Test: 


Input Rise and Fall Times (10% to 90%) ......... 20 ns 

Input Pulse LOvEIS. . 2. sasscesdaeseens 0.45 V to2.4 V 

Input Timing Reference Level .......... 0.8 V to 2.0 V 

Output Timing Reference Level ......... 0.8 V to2.0 V 
Notes: 


1. Vcc must be applied simultaneously or before Vpp and removed 
simultaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 Usec + 5%. 
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AT27LV040 


Atmel’s 27LV040 Integrated 
Product Identification Code 


J Pins | Hex 
ious tt O7 06 OS 04 O03 O2 O01 00 /|Data 
|Manufacturer|O 0 0 0 1 1 1 1 01 1E | 
Device Type |1 0 0 0 0 1 0 1 1/08. 


Note: 1. The AT27LV040 has the same Product Identification 
Code as the AT27C040. Both are programming com- 
patible. 


(1) 


Rapid Programming Algorithm 

A 100 us CE pulse width is used to program. The address is set 
to the first location. Vcc is raised to 6.5 V and Vpp is raised to 
13.0 V. Each address is first programmed with one 100 ps CE 
pulse without verification. Then a verification/reprogramming 
loop is executed for each address. In the event a byte fails to 
pass verification, up to 10 successive 100 us pulses are applied 
with a verification after each pulse. If the byte fails to verify 
after 10 pulses have been applied, the part is considered failed. 
After the byte verifies properly, the next address is selected 
until all have been checked. Vpp is then lowered to 5.0 V and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 


ADDR = FIRST LOCATION 
VCC = 6.5V 
VPP=13.0V 


PROGRAM ONE 100 uS PULSE 


VCC = 5.0V 
VPP=5.0V 


COMPARE 
ALL BYTES 
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LV EPROM Product Characteristics 


NORMALIZED SUPPLY CURRENT vs. FREQUENCY NORMALIZED SUPPLY CURRENT vs. VOLTAGE 
Temp = 25°C, lOUT = 0, CE = VIL 7 Temp = 25°C, lOUT = 0, CE = VIL 
N N 
e) fe) 
r r 
m m 
a a 
| | 
i i 
z z 
e e 
d d 


NORMALIZED ACCESS TIME vs. TEMPERATURE NORMALIZED SUPPLY CURRENT vs. TEMP. 


Frequency = 1 MHz, IOUT =0 


" N 
4 fe) 
: r 
a m 
a a 
i 
: z 
& 
° d 
Temperature (°C) Temperature (°C) 
NORMALIZED ACCES TIME vs. SUPPLY VOLTAGE OUTPUT SINK CURRENT vs. OUTPUT VOLTAGE 
Temp = 25°C Temp = 25°C 
N 
fe) 
r 
m 
a 
| 
i 
z 
e 
d 


3.0 3.5 4.0 4.5 5.0 5.5 6.0 0 1 2 


i : ; 3 
Supply Voltage (Volts) Output Voltage (Volts) 


OUTPUT SOURCE CURRENT vs. OUTPUT VOLTAGE 


-D, oOo 7~ ~cO 


>3 
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2 3 
Output Voltage (Volts) 


AT27LV040 
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AT27LV040-30PC 


0. AT27LV040-30DI 32DW6 Industrial 
AT27LV040-30LI 32LW (-40°C to 85°C) 
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Interfacing Atmel LV EPROMs on a Mixed 
Three-Volt/Five-Volt Data Bus 


Introduction 

Interfacing Atmel Corporation’s low voltage 
(LV) EPROMs on a common data bus 
with standard five-volt devices can be 
achieved with relative ease if a few simple 
guidelines are followed. By controlling the 
data bus voltages and currents, problems 
associated with latchup, electromigration 
and battery damage can be eliminated. 
This application note describes each prob- 
lem, along with recommended solutions, 
and analyzes the associated trade-offs. 


Background 
Definition of Terms: 


A. Latchup — a destructive phenomenon 
associated with CMOS-based semicon- 
ductors. Parasitic SCRs (silicon-controlled 
rectifiers or p-n-p-n devices) exist on in- 
puts and outputs. Once an SCR is ac- 
tivated, it can conduct high current. The 
current can only be turned off by discon- 
necting the power supply. 


B. Electromigration — Metal interconnects 
in semiconductors are carefully sized to 
ensure they are wide enough to safely 
carry the amount of current required by the 
design. The interconnects may physically 
open up when these limits are exceeded 
for a long time. 


C. Venting — When a battery overheats (as 
a result of dissipating excessive power) 
the battery case may open, allowing the 
contents of the battery to be “vented” or 
leaked to the outside world. This is both 
messy and potentially dangerous. 


Understanding issues related to interfac- 
ing Atmel LV EPROMs with standard 
five-volt devices requires an_ under- 
standing of the EPROM output. The out- 
put is basically a CMOS inverter con- 
structed with p-channel pull-up and n- 
channel pull-down transistors (see Figure 
1). The source of the p-channel and the n- 
well are connected to Vcc. The source of 
the n-channel and the substrate are con- 
nected to ground. It is important to note 
that the p+ drain of the p-channel device in 
the n-well forms a parasitic p-n diode. The 
parasitic diode is between the output of the 
LV part and the Vcc supply, with the 
diode cathode connected to Vcc and the 
anode connected to the output node. If the 
Atmel LV EPROM is operated from a 
three-volt supply and the output node rises 
to 3.7 volts, the parasitic p-n junction is 
forward biased by 0.7 volts and will conduct 
current. This diode current will flow even 
though the LV EPROM output is supposed 


Figure 1. Atmel LV CMOS EPROM Output Buffer 
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to be tri-stated (high-Z) via the CE or OE control signals. The 
room temperature I/V characteristic of the diode is shown in 
Figure 2. The y-axis of the graph, designated “IBUS,” repre- 
sents the DC current flowing from the bus into the Atmel LV 
EPROM output. The x-axis, designated “VBUS,” is the data 
bus voltage when the supply level of the LV EPROM is exactly 
3.0 volts. For example, if the voltage on the data bus is 4.0 volts, 
the corresponding diode current into the LV part’s output is ap- 
proximately 20 mA. If VBUS is increased to 4.5 volts, the cor- 
responding diode current in just one output increases to 60 mA, 
and would be destructive over time. It is important to note that 
the LV EPROM data sheets refer to output pin voltage. The data 
sheet section under “Absolute Maximum Ratings” specifically 
states that the “Maximum output pin voltage is Vcc + 0.75 
VDC which may be exceeded if certain precautions are ob- 
served.” What does this mean? It means that, because of the 
effects demonstrated by the parasitic diode, voltages on the out- 
put pins in excess of Vcc + 0.75 volts can cause large currents 
to flow into the EPROM outputs and short the two power sup- 
plies together (see Figure 3). 


Each Atmel EPROM output is designed to withstand an IBUS 
current of less than 10 mA without any exposure to 
electromigration, and over 200 mA without latchup. Since the 
current capability for latchup is so much larger than the amount 
of current required to induce electromigration, it is clear that the 
electromigration requirement will dictate the maximum IBUS 
current. The balance of this application note focuses on ensur- 
ing by system design that the magnitude of the IBUS current 
into the EPROM is less than 10 mA. The effects of exceeding 
the normal output voltage of the LV supply (over-volting) will 
not be discussed in detail here. Those characteristics should be 
obtained from the battery or voltage regulator manufacturers. 


Results 

Clearly, the most attractive design option is to select five-volt 
bus driver devices which do not have strong output drive cur- 
rent (IoH) capability. An example of this type of device is a 
8096 microcontroller. Its Ion characteristic is shown in Figure 
4. We are only concerned about how much Ion (= IBUS) the 


Figure 2, Atmel LV EPROM IBUS versus VBUS 
OE = Vcc = 3.0 V, Temperature = 23°C 
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8096 can supply into the LV EPROM above a Von (= VBUS) 
of three volts. The maximum current the 8096 can supply when 
its Vou is above three volts is less than the 10 mA allowed to 
safely enter the LV EPROM. Therefore, electromigration is not 
a concern in this case. However, allowing both power supplies 
to couple across the parasitic diode of the LV EPROM may still 
speed the discharge of a five-volt battery and may cause the 
three-volt battery to overheat and vent. 


Contrast the 8096 example with the output characteristics of a 
high-current output drive 74HCO0 CMOS logic gate (Figure 5). 
Note how the amount of Ion current available above a three- 
volt Vou can be 30 mA, more than triple the maximum safe 
IBUS current to prevent electromigration. What actual IBUS 
will occur when such a 74HCO0 part (connected to a five-volt 
supply) is driving an Atmel LV EPROM (connected to a three- 
volt supply)? The answer can be obtained using a graphical 
technique called /oad line analysis. 


With load line analysis, you can find the maximum DC IBUS 
and VBUS values for any situation. For example, continue the 
analysis for the 74HCO00 part to see what the actual IBUS cur- 
rent will be. A load line is created by simply superimposing the 
Atmel LV EPROM IBUS versus VBUS curve (Figure 2) with 
the 74HCO00 Ion versus Vou curve (Figure 5). Figure 6 is the 
resulting load line. The place the two curves intersect is called 
the operating point and gives an IBUS value of about 20 mA. 
The data bus will then sit ata VBUS voltage of about four volts. 
This analysis confirms the suspicion that using a 74HCO00 will 
not be safe. Recall that you want an IBUS value below 10 mA 
to prevent reliability damage to the LV EPROM. 


The type of curves used in this load line analysis can be easily 
obtained for any conditions and any part. You should beware to 
use curves obtained for the worst case conditions that the sys- 
tem will encounter. Most Ion and Vou data sheet specifications 
are minimum values and sometimes grossly understate the real 
current drive capability of a part. When was the last time you 
encountered a CMOS part with only 400 pA Ion at 2.4-volts 
Vou? Such a specification is a holdover from the days when an 
NMOS design was considered fast at 500 ns. Many data sheets 


Figure 3. Parasitic Diode in LV Output Shorts Three- Volt and 
Five-Volt Supplies 
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provide output drive curves only for typical conditions (i.e., 
Vcc =5 V, temperature = 25°C). Most data sheets also provide 
data for only the minimum output drive since most customers 
are worried if the part has enough current drive for a heavily 
loaded bus line. However, for this mixed power supply design 
analysis we need the maximum output drive current for the five- 
volt driven part. The conditions for that maximum output cur- 
rent would occur at lowest temperature and highest Vcc, and 
with only one output driving. The last condition is due to the 
parasitic resistance in a chip’s package and die metal. That 
resistance will cause a voltage drop inside the chip that will 
decrease the output current drive. On parts with more than one 
output, the highest Ion current will occur when the internal 
voltage drop is minimum or when only one output is driving. 
The variation in Ion with number of outputs driving, Vcc, and 
temperature will exceed the variations due to processing in 
most chips today. You may have to measure the Ion charac- 
teristics yourself to get the data you need. 


The Atmel LV EPROM IBUS versus VBUS characteristics will 
also need to be measured at conditions giving the highest current 


Figure 4. Io versus Vou for 8096 
Vcc = 5.0 V, Temperature = 23°C 
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Figure 6. 74HC0O Load Line on LV EPROM 
EPROM Vcc = 3.0 V, Temperature = 23°C 
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for the load line operating point. That current will depend 
strongly on the Vcc used for the LV parts. The higher the LV 
Vcc, the higher the bus voltage can go before forward-biasing 
the parasitic diode in the LV part. For the load line analysis, the 
LV EPROM IBUS versus VBUS curve measured at Vcc = 3 V 
is shifted to the right by the difference between the LV supply 
voltage to be used and three volts. Increasing the LV Vcc will 
reduce IBUS quickly since Ion for the five-volt part decreases 
rapidly as the operating point moves to the right. The worst case 
LV IBUS versus VBUS curve will be obtained for highest 
temperature, lowest Vcc, and a single output high. Figure 7 
shows the LV EPROM IBUS as a function of VBUS for a range 
of temperatures from -55°C to 85°C. 


In some applications, there may be requirements for a high out- 
put current five-volt device or no alternate part available with 
limited Ion. The following techniques may be useful in that 
case. One technique is to clamp the bus with respect to ground. 
Clamp the bus so that the parasitic p-n junction in the LV part 
cannot be forward biased. A three-volt zener diode with 
grounded anode and cathode connected to the data bus can provide 


Figure 5. Ion versus Vou for 74HCO0O 
Vcc = 5.0 V, Temperature = 23°C 


Figure 7. LV IBUS versus VBUS versus Temperature 
OE = Vcc = 3.0 V 
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protection for a mixed three-volt/five-volt system (Figure 8). 
1N4370A- or 1N746A-series zener diodes could be used. The 
trade-off is the power dissipated by the zeners. A three-volt 
zener shunting 20 mA of current will consume 60 mW of 
power. For eight outputs, this could be as high as 480 mW, 
which is a significant amount of power to waste in a battery 
environment. This will speed the discharge of the five-volt bat- 
tery, but does a very good job of protecting the three-volt supply 
from over-volting (or possibly venting the three-volt battery). 


Another technique is to add a small series resistor on each of the 
LV part’s outputs (Figure 9). The resistor will limit the IBUS 
current. Figure 10 uses the 74HCO00 example again to show how 
the load line plot from Figure 6 is used to quickly calculate the 
value of series resistance needed. You want to move the IBUS 
operating point from the original 20 mA down to 10 mA. The 
circuit consists of the original 74HCOO pull-up circuit, repre- 
sented by the original load line, and the new series resistor. The 
Current in the resistor and the pull-up will be the same since they 
are in series and should be set to our recommended safe 10 mA 


Figure 8. Zener Clamp Bus to Three Volts 
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level. In Figure 10 you will see two points called Va and Vb 
which are where the LV EPROM and 74HC00 pull-up load 
lines intersect the 10 mA IBUS current level. The difference 
between Vp and Va will be the voltage drop across the series 
resistor when 10 mA of current is flowing. The series resistance 
Rseries is then calculated by the formula: 


Rseries = (Vb - Va) / Idesired 
= (4.55 -3.85)V/10mA 
= 70 ohms 


The power dissipated in each resistor would be given by: 


Pseries = Idesired” x Rseries 
= (10 mA) 2 x70 ohms 
= 7 mW 
For eight outputs, the series resistor method only drains 56 mW 
from the five-volt supply, which is much less power than that 
wasted by the zener circuit. Notice that the three-volt supply 
will still be over-volted by 0.85 volts. You still need to determine 


Figure 9. Series Output Resistor Reduces IBUS 
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if that over-volting will cause excessive battery heating and a 
possible venting problem. The resistor’s effect on bus signal 
speed will probably not be detrimental since the 70 ohms 
needed in this example is just slightly higher than the value used 
for a series transmission line termination. It may be necessary 
to place the series resistors between the high output drive part 
and the common data bus. That way the resistors are only in the 
circuit when the high output part is driving the bus, and lower 
drive current parts will not be current-limited. Also, remember 
this example was done for room temperature and a five-volt 
supply on the 74HCOO. For higher temperature, the 74HCOO 
will have less current drive, but the parasitic LV EPROM diode 
will start to forward bias at a lower VBUS value. You may need 
to do several load line models before finding a design that covers 
the worst case temperature and power supply conditions for a 
particular system. 


Figure 10. Calculating Rseries for 74HC 
EPROM Vcc = 3.0 V, Temperature = 23°C 
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Conclusion 

Interfacing Atmel LV EPROMs on a common data bus with 
standard five-volt devices can be achieved if the output drives 
of the five-volt powered parts are controlled through careful 
device selection or by adding external components. The 
problems to avoid are: 


1) failure of the LV part due to electromigration, and 


2) battery venting of the LV supply. 


Following these guidelines will allow design of mixed power 
supply systems which exhibit sound component and system 
reliability. 
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The Atmel Three-Volt EPROM Family 
AT27LV256R, AT27LV512R, AT27LV010 


© Why three-volt operation? 

® Does the whole system have to be oper- 
ated at three volts? 

® How do you program a three-volt 
EPROM? 

© What happens if you run a three-volt de- 
vice at 3.6 or 4.0 volts? 


The Atmel AT27LVXXX_ series of 
EPROMs was designed to operate over a 
wide range of supply voltages from 3.0 to 
5.5 volts. This offers the designer the oppor- 
tunity to take advantage of either the greatly 
reduced power consumption at three volts or 
the ability to tolerate large power supply 
fluctuations. 


The three-volt series of EPROMs is speci- 
fied to draw a maximum of 8.0 mA at 3.3 
MHz when operated at 3.3 VDC. This is 
one-fourth of the specified maximum cur- 
rent of a standard EPROM operating at 5.0 
VDC. Because of the low supply voltage, 
the power savings calculations are even 
more dramatic: 26 mW for the LV series 
compared to 150 mW for standard five-volt 
devices. That means much longer battery 
life. 


The LV series has CMOS inputs and outputs 
specified for TTL levels and three-volt 
CMOS levels (Rail-to-Rail). In other words, 
an LV device with Vcc = 3.0 VDC can drive 
standard five-volt TTL logic devices on its 
data output lines making interface with five- 
volt logic easy. The LV series of EPROMs 
can even be safely driven by five-volt sig- 


nals, even though their Vcc is at 3.0 VDC. 
The next question that comes to mind is 
“Why run just one EPROM at three volts 
while the rest of the system uses five volts?” 
One reason is if your system is on a very 
tight power budget, such as battery operated 
equipment, daughter boards or phone line 
powered products, the six times power sav- 
ings might make significant difference. Of 
course your design might use more than one 
EPROM, for map memory, operating sys- 
tem, font storage or maybe smart cards. In 
this case the total power savings can be very 
large. Remember at 150 mW each, eight 
EPROMs at five volts use 1.2 Watts instead 
of 210 mW for the three-volt devices! 


When the three-volt devices are in a pro- 
grammer they work just like their standard 
Atmel five-volt counterparts. Absolutely no 
difference! Programming support is already 
in place and widely available on most pro- 
grammers on the market today. Again they 
erase and program exactly the same as five- 
volt devices. 


The AT27LVXXX series of EPROMs are 
specified to operate from 3.0 to 5.5 volts. So 
what happens when the device is operated 
above three volts? It speeds up and draws 
more power, but never more than a standard 
EPROM. This feature offers the most flexi- 
bility for system manufacturers. The data 
sheets include a full set of curves that show 
speed and power variations versus power 
supply voltage. 
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On-Board, System EPROM Programming 


with Vcc = 


Present day EPROMs use Vcc = 6-6.25 V 
during programming. This non-5-volt sup- 
ply level occasionally presents a system de- 
sign problem with applications where a 
commercially available programmer cannot 
be used. This application note will briefly 
address the issues associated with using a 5- 
volt Vcc supply during programming. 


Modern EPROM programming algorithms 
can be divided into two sections, namely, 
programming and verify (or read). The pro- 
gramming algorithm usually proceeds by se- 
lecting the desired voltage levels and ad- 
dress. A programming pulse is applied fol- 
lowed by a verify at the elevated Vcc used 
for programming. 


During programming, the MOS threshold 
voltage (Vt) of a previously erased N-chan- 
nel floating gate EPROM cell (Vt = 1.0- 
2.0 V) is raised to 6.5-9.0 V via the accumu- 
lation of electrons on the floating gate by hot 
electron injection. In normal read mode op- 
eration the address decoding circuitry in the 
chip selects the desired cell by pulling the 
gate voltage of the cell to Vcc. Since Vcc is 
typically 4.5-5.5 V, an erased cell with Vt = 
1.5 V would be turned on while a pro- 
grammed cell with Vt= 7.5 V would remain 
in an off state. If Vcc were raised above the 
threshold voltage for the programmed cell 
(i.e. Vcc > 7.5 V), the cell would begin to 
conduct and the programmed data would no 
longer be valid until Vcc was again low- 
ered. 


The Vcc voltage that causes data loss on a 
programmed EPROM is called the program- 
ming margin. During the programming al- 
gorithm the Vcc level is held at 6-6.25 V to 
make sure that each cell is guaranteed to 
have a programming margin at least to that 
level. This is verified by reading each byte 
twice, once during the initial programming 
section and again during a final read where 
all addresses are compared to the desired 
data. 


5 Volts 


The 0.5-V difference between the guaran- 
teed programming margin and the 5.5-V 
Vcc maximum supply rating provides a re- 
liability guardband for long term data 
charge retention and, more importantly, for 
system noise immunity. Poor programming 
margin can lead to EPROM memory chip 
instability which can cause apparently 
slower operation due to oscillations and 
false reading. This in turn makes the prob- 
lem directly related to the specific system 
noise environment and will vary from appli- 
cation to application. 


By lowering the Vcc voltage to 5.0 V dur- 
ing the programming algorithm two effects 
may occur. First, the part may not be able to 
program (i.e., programmed cell threshold = 
5.0 V). Second, the part may not have 
enough programming margin to reliably 
work over worst case conditions over the 
lifetime of the part. 


The first problem is rare since most manu- 
facturers design their EPROM technology 
to provide a large programming margin 
guardband to account for statistical varia- 
tions in the manufacturing process. 


The second problem is also considerably re- 
duced by the same margin guardband, but 
unlike the first problem which is easily de- 
tectable at the time of programming, the sec- 
ond problem may only occur later when the 
parts are in the field. The resulting field fail- 
ure rate may still be acceptably small de- 
pending on the application. 


The second problem may also result in a 
failure mode even when the nominal Vcc 
programming voltage is used. In that case 
standard accelerated reliability tests and sta- 
tistical sampling techniques can be used to 
determine failure rates. But such test results 
only apply to parts with the same program- 
ming technique. Since those tests require 
great expenditure of labor, time, and units, 
significant reliability data for Vcc = 5 V 
programming is not readily available. An- 
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other way to get around the possible reliability problem is test- 
ing the parts in such a way so as to screen out any low margin 
parts. This specially tested group will then have the same pro- 
gramming margin as parts programmed at the nominal Vcc 
even when they are programmed using Vcc = 5 V. 


We have discussed general EPROM operation for most cur- 
rently available EPROM chips on the market today including 
Atmel’s EPROM line. Atmel’s chips specifically do not have 
any programming problem “of the first kind” with Vcc = 5 V. 
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This is due to the proprietary programming circuits used in 
Atmel EPROMs. That same programming circuitry also makes 
an Atmel EPROM quite insensitive (compared to other EPROM 
suppliers) to the level of Vpp voltage used during programming. 
However, just as with other EPROM suppliers, Atmel can guar- 
antee the same product reliability for Vcc = 5 V programming 
as with nominal Vcc programming only if parts are specially 
tested. 
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On-Board EPROM Programming 
Tips and Rules for Success 


Users of programmable memory devices, 
such as EPROMS, sometimes take for granted 
how they actually are programmed. In the 
case of a socketed EPROM a socket must be 
mounted on the PC board, the EPROM is pro- 
grammed with a commercially available 
EPROM programmer, and then the EPROM is 
put in the socket on the PC board. If the 
EPROM needs new code it must be erased in 
a UV eraser, reprogrammed in the EPROM 
programmer and then returned to the socket. 
All of this seems very simple and routine, 
but what about applications where the 
EPROM is soldered directly to the PC board, 
such as surface-mount assembly and high- 
reliability applications? To make matters 
even more complicated, what if the Vcc line 
on the PC board can’t be elevated to 6.5 
volts during programming, but must be kept 
at 5 volts to keep from damaging other cir- 
cuits on the PC board? Fundamentally, this 
is one of the most difficult problems in 
EPROM applications: programming EPROMS 
with only a 5-volt supply in situ on the 
board. For this reason, Atmel offers easy-to- 
program Flash PEROMs. For users that insist 
on sticking with EPROMS, and expect to re- 
program in the system, this article provides 
you with some important guidelines. 


Although a commercially available board- 
level programmer can be used, such as the 
Data I/O Boardsite, the distance between the 
device and the programmer’s pin drivers 
(which is on the system PC board) can cause 
some uncertainty. If the EPROMs are poorly 
programmed, then low programming yield, 
low noise immunity and lower long-term 
data retention problems may result. 


Why should on-board programming with 5 
volts be so difficult? One would think you 
could just run some extra traces for Vpp, 
Vcc and so on, put a connector on the side of 
the PC board and that’s it! It really isn’t that 
simple. Most engineers who design micro- 
processor systems have a good understand- 
ing of what it takes to design a PC board for 


those systems. But when you design a PC 
board for on-board programming, you’ re es- 
sentially designing a programmer as well. 
And not every engineer has designed EPROM 
programmers. It’s not an impossible task, 
but you have to know what you are doing. 


The solution to the 5-volt, on-board pro- 
gramming problem is two-fold. First, one 
has to understand 5-volt programming. One 
thing to read is the application note follow- 
ing this one, called New EPROMs Speed Pro- 
gramming. That application note, along with 
the section of this note on 5-volt program- 
ming, will help one understand the difficul- 
ties with it and how you need to get parts 
tested. Next, one has to understand about 
noise-free PC board design for program- 
mers. The second section of this application 
note contains several design tips to be im- 
plemented when designing a system board if 
there will be EPROM programming on-board. 
If parts are correctly tested and these PC 
board design tips are followed, 5-volt, on- 
board programming will be a success. 


Programming EPROMs with 
Vcc = 5 Volts 


There are several programming problems 
when someone tries to program an EPROM 
with Vcc = 5 volts. One of the most import- 
ant reasons that Vcc is set at 6.5 volts when 
programming is to verify the programming 
margin of the device in the programmer. 
This way there is a guaranteed 1.5 volts of 
programming margin (6.5 volts - 5.0 volts = 
1.5 volts). In reality, the programming mar- 
gin will probably be greater, but using the 
value of Vcc used during programming is a 
worse-case situation when using the Atmel 
Rapid Programming Algorithm. 


If a part is programmed at 5 volts, verifica- 
tion of the part after programming is also at 
5 volts. If the minimum programming mar- 
gin is the value of Vcc used during pro- 
gramming, then the EPROM is only guaran- 
teed to work with Vcc = 5 volts. Most of the 


AIMEL 


UV Erasable 
CMOS 
EPROM 


Application 
Note 


4-113 


ANIMES 


Figure 1. (Design Rule 1) Position a 0.1-u1F bypass capacitor as 
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EPROM cells in the memory core will program up so that their 
margins are more than 7 volts, which provides more than 2 volts 
of margin. But what if only a few cells, or even one cell, pro- 
grams up to only 5.1 volts? This will pass the 5-volt verify dur- 
ing programming, but having only a 0.1-volt margin is not so 
good. If there is a noisy power supply, the Vcc noise spikes 
would cause the EPROM to give erroneous data, since the bad 
cell begins to change state at about 5.1 volts. Additionally, hav- 
ing only a 0.1-volt margin doesn’t give much overhead for 
long-term data retention. The worst of these failures are margin- 
ally programmed parts that give sporadic failures while pro- 
gramming or in the field. 


The solution to this problem is relatively simple: let Atmel 
know when you have a 5-volt programming requirement and 
the company will screen your parts for programmability at Vcc 
= 5 volts. What the screen does is to program your parts at 5 
volts, then verify at 6.5 volts. This special test is performed with 
no programming repair sections in the algorithm. The cells must 
program up to 6.5 volts with only the initial programming pulse. 
With this test, when these components are programmed in situ 
with a 5-volt programming pulse, there will be a 1.5-volt pro- 
gramming margin guaranteed! 


Board Design Layout Hints 

Many people find that their in situ programming problems are 
caused not by their programming setup but by their PC board 
design. Most boards do look pretty good, but the layout was 
done while considering only reading the EPROM, not program- 
ming it. If the printed circuit board in an on-board programming 
setup is not designed correctly, all sorts of programming prob- 
lems will crop up. 
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Figure 2. (Design Rule 2) Make the power and GND traces 
between the device and power supply as wide as possuble. 
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Following is a list of easy-to-follow design rules. The rules 
listed here are not all that elementary, although they may seem 
so. They come from the mistakes of many bad designs. Some- 
body else already made these mistakes, so you don’t need to! 


Design Rule 1: Install a bypass capacitor right next to the 
EPROM, and at every other multi-output device on your board 
(see Figure 1). If multilayer boards with power planes are used, 
mount the capacitor right next to the Vcc pin. CMOS compon- 
ents, although they may save you fair amounts of power, are 
notorious noise generators. When the outputs switch on these 
devices, so much current is dumped into the output that ground 
bounce can occur between the chip and the leadframe. (This is 
due to the inductance in the bonding wire. That’s why Atmel 
uses two to three ground bond wires.) The combination of 
traces, lead frames, and bondwires can yield some pretty high 
inductances. High inductances and steep slew rates can lead to 
some severe switching noise spikes on the Vcc line. 


The only way to prevent these switching noise spikes on the 
Vcc line is to supply current to the device when it needs it most, 
when it is switching. This can be accomplished by adding a 
0.1-uF bypass capacitor between Vcc and ground. Use a 
stacked or monolithic ceramic capacitor rated at 50 volts with 
either X7R or ZSU dielectric. If the boards are surface-mount, 
use chip caps mounted directly next to the Vcc pin of the de- 
vice. Ceramic capacitors are used because of their low ESL and 
low high-frequency impedance (inductance), and for the stabil- 
ity of the dielectric over temperature and time. Do not use tan- 
talum capacitors, as their high impedances at high frequencies 
(from high ESLs and ESRs) prevent them from delivering charge 
to the device fast enough. Also, don’t use 0.01-uF ceramics for 
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Figure 3. (Design Rule 3) Make the data bus traces as wide as 
possible. 
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bypassing. These capacitors have only one-tenth the charge ca- 
pacity of a 0.1—uF capacitor, and that’s not enough. 


Position a 10-uF tantalum capacitor where the power supply 
cable mounts to the board and another one near the EPROM 
somewhere. You won’t need to position a 0.1-F bypass capac- 
itor next to the 10-F bulk capacitor, since there already is one 
at every device. 


Design Rule 2: Keep the power supply traces big (and short). 
Trace widths should be no less than 0.025 inches, while trace 
lengths should be kept shorter than 0.375 inches. Obviously, 
when working with dual-in-line packaged components, these 
line lengths will be too short. In this case, trade off line length 
for trace width; if the traces have to be longer, make them a little 
wider. Finally, when you have the board made, specify 1.5- to 
2.0-ounce copper clad. This will give you sufficient trace 
height. 


The distance from the power supply to the EPROM should be less 
than six inches. If the power supply is remote (off board), then 
the total distance of power trace length and cable length should 
be less than six inches. Even if power and ground are on planes, 
the mean distance should be less than six inches. If power and 
ground must pass through a cable, the power leads should be at 
least 18-gauge wire (or maybe a 16- or 14-gauge wire depend- 
ing on cable length), and there should be two leads for each, 
power and ground. The power and ground traces should be at 
least 0.060 inches wide, 0.080 inches is even better (see Figure 
2). Major feed-throughs should use at least two vias, four would 
be even better, and they should be filled with solder. 
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Figure 4. (Design Rule 4) Absolutely don’t use ribbon cable! 
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Remember, this beef-up operation is only necessary between 
the power supply and the EPROM, and between the program- 
ming device and the EPROM. 


Design Rule 3: Data lines (D7—D0) should be as wide as pos- 
sible to reduce impedances. The data lines are used to write to 
the EPROM as well as read from it, forcing them to be bidirec- 
tional. When the EPROM outputs are switched on, large instanta- 
neous currents get switched around. With inductive loading, 
these currents can cause the data lines to ring and generate large 
switching spikes. Although these spikes and the ringing will 
have dampened when the data is sampled, they could damage 
other parts that are sharing the same data bus. 


Data line traces should be at least 0.012 inches wide, with 0.018 
to 0.020 inches preferred. These traces should be routed so that 
their length is minimal (see Figure 3). 


Design Rule 4: Use no ribbon cables! If you are adapting 
from a board-level programmer to your PC board (which is 
where the EPROM is located), use a printed circuit extender with 
short, wide traces and a good connector at either end, similar to 
a computer extender card (see Figure 4). Use a minimum of 
0.060-inch trace widths with power and ground pushing 0.080 
inches, on 2-ounce copper clad minimum. If you must use a 
cable, build your own with 18- (or 16- or 14-) gauge wire (dou- 
ble-up power and ground) and don’t bundle it together with tie- 
wraps. Whatever you do, don’t use ribbon cable. Ribbon cable 
was designed to carry low-frequency, low-power signals. The 
instantaneous currents present during programming will cause 
problems due to the cable’s inductance. Additionally, the con- 
nectors on either end of the cable are only crimped on, and these 
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connections can sometimes be quite questionable. You'll expe- 
rience nothing but problems if you use it. 


Design Rule 5: When designing (laying out) the PC board, 
route power and ground first, the data lines second, and the ad- 
dress and control bus last. Vcc, Vpp and GND should be the first 
traces routed and they should be the recommended thicknesses 
specified in Design Rule 2. Vpp isn’t as critical as the other two, 
but if you have the real estate, make it wide. If these traces are 
laid down first, you can make their widths wide and their 
lengths short and route less critical traces around them. But if 
other traces are routed first, it becomes difficult to route the 
power traces, and they would wind up snaking all around the 
board. 


After the power traces have been routed, the data lines should 
be laid down. Though they aren’t as critical as the power traces, 
the data lines should be made as short as possible, since they are 
bidirectional and the current swings are greater than normal sig- 
nals. Keeping these traces short will minimize bus ringing. 


Finally, the address and control bus lines can be done. These 
lines are inputs with only 8 pF of capacitance, and trace widths 
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and lengths aren’t critical. You can snake these traces around 
the power traces and the data line traces, and use as many vias 
as necessary. 


Design Rule 5: 
Route traces in this order 


Route First Power and Ground Traces 
Bypass Capacitor Traces 
(0.60" to .080" preferred) 


Data Bus (D7-D0) 
(0.16" to .020" preferred) 


Address Bus (Ax-Ao) 
Control Bus (OE, CE) 
(more than .005" preferred) 


Route Second 


Route Third 


These are five design rules to follow when designing a board 
with on-board EPROM programming. You can deviate slightly 
from these as necessary, but not too much, especially if you’ve 
never designed a programmer before. 
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New EPROMs Speed Programming 


Introduction 

In designing and manufacturing certain 
modem-day products, the methods used to 
build these products are often as important to 
the design engineer as the components them- 
selves. This is true about programmable 
memory devices as_ well, especially 
EPROMs. Since many vendors use their 
Own unique programming algorithm, which 
is based on the process used to make 
EPROMs, the design engineer needs to 
know about the algorithm during the system 
cycle to insure that the EPROMs can ulti- 
mately be programmed. 


This application note will introduce the 
Atmel RAPID programming algorithm and 
briefly explain why this algorithm is supe- 
rior to others. In addition, it will give an in- 
troduction to EPROM technology and the 
mechanics of programming. These should 
provide a basic understanding in the grow- 
ing field of EPROMs. 


Programming EPROMs the 
RAPID Way 

When Atmel reduced the geometry of some 
of its EPROM products recently from 1.5- to 
1.2-u1 linewidth, the Company adopted an 
entirely new programming algorithm for 


these devices. A reason for this algorithm 
change was to improve programming yields 
and lengthen long-term data retention. This 
was accomplished by using a shorter pro- 
gramming-pulse length during program- 
ming. The new RAPID algorithm reduces 
the 1-ms programming pulse width of the 
original FAST algorithm to only 100 ps, and 
it completely eliminates extra over- 
programming pulses. 


But higher yields and increased reliability 
aren’t the only benefits the RAPID algo- 
rithm provides, it also takes less time to pro- 
gram these new devices. The RAPID algo- 
rithm can reduce the programming overhead 
costs by a factor of 40! Here’s how it works: 


If you program an AT27C512R, 512-K 
EPROM in a single-device programmer, 
using the FAST or any other type of 1-ms 
algorithm (1-ms initial pulse, plus 3-ms 
overprogramming pulse) the time spent pro- 
gramming will be: 


524288 bits + 8 bits/byte = 65536 bytes 


65536 bytes x .004 seconds/byte = 
262 seconds 


Figure 1. Cross section of a typical EPROM cell. 
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Figure 2. Process of hot-electron injection. 
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That’s 262 seconds, or 4 minutes and 23 seconds. This works 
out to about a 75 cents programming cost, assuming an 
operator’s rate of $10 per hour. Here’s where the cost savings 
start: since we cannot reduce the number of bits to program, we 
reduce the total programming time by shortening the program- 
ming pulse width. Using 100 us per byte, this is what happens: 


65536 bytes x .0001 seconds/byte = 6.5 seconds 


This amount of programming-time savings is what can be ex- 
pected when using the RAPID algorithm. The big improvement 
is from reducing the total byte-programming time from 4 ms to 
100 pis. With this example, total programming cost is about 
three cents. The RAPID algorithm can actually save up to 72 
cents per device. Imagine how much can be saved with 10,000 
EPROMs! 


There’s more to the RAPID algorithm than shorter program- 
ming times and cost savings. It has a special way of checking 
that each cell is correctly programmed, and that cells are pro- 
grammed with the required amount of charge. In fact, the 
RAPID algorithm even guarantees that the EPROM is correctly 
programmed. Programming algorithms of the FAST type, or 
their relatives, the QUICK-PULSE types, check each memory 
location for the programmed data immediately after program- 
ming that location. This check, which takes place before the 
final verify at the end of the programming cycle, is basically an 
“insurance” check, because it is performed at an elevated volt- 
age, which is a worst-case condition. There is a flaw, however, 
in this type of programming algorithm: memory locations that 
have been previously programmed can be partially erased by 
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programming subsequent locations (due to the elevated voltage 
on the same row or column in the memory array) and margin- 
ally programmed cells will go virtually undetected. The ques- 
tion is, doesn’t the programmer check each device during verify 
after programming? Wouldn’t those failures be caught then? 
Not necessarily, because when parts are checked during the pro- 
gram verify mode, the voltage is not elevated as high as it was 
during programming. 

The RAPID programming algorithm was designed to fix this 
oversight. First, it goes through the entire device and programs 
every cell without checking. Then it goes back to the beginning 
of the memory array and verifies the data in each cell at the 
elevated voltage. Once the device passes, another final verifica- 
tion is done at 5 V. The RAPID algorithm will do a better job at 
preventing any marginally programmed parts from passing the 
programmer than other algorithms. 


An important fringe benefit of the RAPID algorithm, because of 
the way it guarantees successful programmability, is long-term 
data retention. Basically, long-term data retention is how long 
the EPROM stays programmed, which is typically greater than 
ten years. Although long-term data retention is not the same as 
device programmability, they are related in this way: program- 
mability tells how well the electrons have accumulated on the 
EPROM’ floating gate, long-term data retention tells how long 
the electrons will stay there. The programming algorithm has an 
overwhelming influence on programmability, making it an 
overwhelming influence on long-term data retention as well. 
Therefore, a poor programming algorithm, one that doesn’t 
guarantee programmability, can be responsible for poor long- 
term data retention. The RAPID algorithm can add years of data 
retention to your parts, because of the way it checks for pro- 
grammability. Marginally programmed parts just don’t stand a 
chance of getting past the programmer. 


Figure 3. Unprogrammed cell. 
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EPROM Programming, How it Works 
Contemporary EPROM programming algorithms can be di- 
vided into two main sections, programming and verifying ( or 
reading). Programming begins by selecting the desired voltage 
levels and byte address. It continues with a programming pulse 
applied to that byte, followed by a verify at the elevated Vcc 
used for programming. Verifying checks the data in two passes 
with the original data, with Vcc set to 5.5 V on the first pass, 
and 4.5 V on the second. 


Basically, EPROMs are programmed through the accumulation 
of electrons on the floating gate of an N-Channel EPROM cell 
(see Figure 1) by the process of hot-electron injection. Hot-elec- 
tron injection is where electrons, flowing as a current between 
the drain and source of a saturated EPROM cell, gain enough 
energy from the high electric field to jump the oxide barrier 
between the channel and the floating gate (see Figure 2). Before 
programming, the MOS threshold voltage, VTu (otherwise 
known as the gate threshold voltage) of the erased floating-gate 
EPROM cell is about 1.0 to 2.0 V (see Figure 3). After program- 
ming, its threshold voltage is about 6.5 to 9.0 V, due to the ac- 
cumulated electrons on the floating gate. In read mode, the ad- 
dress decoding circuitry in the chip selects the desired cell by 
pulling the gate voltage of the cell to Vcc. Since Vcc is typi- 
cally 4.5 to 5.5 V, an erased cell with a VTH = 1.5 V would be 
turned on (Figure 3), while a programmed cell with a VTH = 7.5 
V would remain off (see Figure 4). This floating-gate process is 
how a single MOSFET-like transistor can provide for the two 
logic levels used in digital circuitry. 


If Vcc is gradually raised in voltage to a point near the thresh- 
old voltage of a programmed EPROM cell, the cell would just 
begin to conduct, and would no longer appear to be pro- 
grammed. This point, where the programmed EPROM cell be- 
gins to look unprogrammed, is defined as the programming 
margin (see Figure 5). The value of the programming margin 


Figure 4. Programmed cell. Note how VTH raises after elec- 
trons are accumulated on the EPROM floating 
gate from programming. 
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Figure 5. Programming margin. To find programming mar- 
gin, increase gate voltage (Vcc) until the first “0” 
turns into a “1.” 
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can, in some cases, be simply equal to the value of the Vcc 
voltage present during programming. This is why the RAPID 
algorithm holds the value of Vcc constant at 6.5 V during pro- 
gramming; to insure that each EPROM cell has a programming 
margin of at least that voltage. This margin is verified by read- 
ing each byte twice, once during the initial programming oper- 
ation and again during the final read (or verify) operation, 
where the data from the EPROM is compared to the desired 
data. The difference between the value of Vcc during program- 
ming ( the guaranteed programming margin) and the 5.5-V Vcc 
maximum supply rating (from the data sheet) serves as a reli- 
ability guardband for long-term data retention and, more im- 
portantly, for system noise immunity. Poor programming mar- 
gin can reduce system noise immunity and lead to EPROM chip 
instability due to power-supply noise on the Vcc pin. This in- 
stability can cause oscillations and read-mode data glitching 
that can be a problem in even in the slowest and most noiseless 
of systems. Since power-supply noise is a somewhat random 
occurrence, data errors can happen non-reproducibly, which 
can undermine the reliability and integrity of the host system. 
These problems can be avoided by using the programming al- 
gorithm recommended by the EPROM chip vendor. The higher 
the guaranteed programming margin, the less likely any prob- 
lems will occur. 


Another important benefit of high-programming margin is that 
it extends the long-term data retention of the device. If the 6.0-V 
programming margin (FAST algorithm) on the EPROM grad- 
ually diminishes to 5.5 V over a 10-year time span, the ran- 
domly occurring noise spikes on the Vcc line can cause the 
EPROM to yield faulty data. On the other hand, given the same 
discharge rate (as a function of the silicon processing), an 
EPROM with a programming margin of 6.5 V (RAPID algo- 
rithm) would take over 20 years to reach the 5.5-V threshold 
that would lead to faulty data yield. All things being equal, bet- 
ter programming margin leads to longer data retention. 
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Guaranteeing Programmability 

Most people might ask, ““What’s in a programming algorithm? 
Aren’t they all the same?” That question would have been an- 
swered with a resounding “YES” 10 years ago when, quite 
frankly, they were the same. But it’s not true today. There are 
over 35 manufacturers making EPROMs, and few of them use 
the same programming algorithm. Today, the programming al- 
gorithm is as important to EPROM testing as the actual device 
testing procedure. In fact, the device test procedures are often 
(if not always) based upon the programming algorithm. The 
programming algorithm has a direct effect on EPROM test 
yield, and manufacturers select their programming algorithms 
so they can obtain the highest yield possible. Additionally, the 
programming algorithm is directly responsible for the number 
of devices that pass the customers programmer, which is called 
programming yield. This is of vital importance to an EPROM 
manufacturer like Atmel, since the worst place for an EPROM 
to fail programming is in the customer’s programmer. With this 
in mind, let’s look at how the RAPID algorithm can guarantee 
better programmability than a common type of quick-pulsing 
algorithm. 


Figure 6: QUICK-PULSE type. 
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We’ ll begin by comparing a common type of quick-pulsing al- 
gorithm with the Atmel RAPID algorithm. Examine Figure 6, 
which is the flowchart for the QUICK-PULSE type of algo- 
rithm. If you look very closely you will see that the algorithm is 
broken up in to two major sections. The main part is the pro- 
gram/verify section, the other part is the final verify section. 
Basically, the first section starts at byte address OOOOH, pro- 
grams the eight EPROM cells at that address, and verifies that 
those cells contain the correct data with a verify at 6.25 V on 
Vcc. If the byte passes, it goes on to the next byte. If it fails, it 
repeats everything up to 25 times before it fails the device. The 
second section lowers the Vcc voltage to 5.0 V and checks if all 
address locations read with the correct data. Although the flow- 
chart specifies a one-pass final verify at 5.0 V, many program- 
mers verify in two passes, one with Vcc at 4.75 V and the other 
with Vcc at 5.25 V. 


Now examine Figure 7, the Atmel RAPID algorithm. It looks 
similar to the quick-pulsing type of algorithm, but with a slight 
difference. If you look closely you’ ll see that it consists of three 
sections instead of just two. The first section is the program- 
ming section, where the programmer programs every location 


Figure 7: RAPID programming algorithm. 
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Figure 8: Row of EPROM cells from AT27C010. Note that 
the programming margin of each cell is 0, which 
allows each bit to read a “1”. 
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Figure 9: Bit 0 has been programmed, (QUICK-PULSE 
algorithm) 
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Figure 10: Bit 0 and bit 1 have been programmed. 
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in the EPROM without verifying. Next there is the verify/repair 
section, where the programmer starts at the beginning of the 
EPROM and verifies every location for the correct data at 6.5 
V. Any cells that don’t pass are reprogrammed up to ten times 
before the device is failed. The last section lowers Vcc to 5.0 V 
and does a final verify of the data (here again, most program- 
mers verify in two passes, one with Vcc at 4.75 V and the other 
with Vcc at 5.25 V). This type of programming algorithm is 
called a two-pass algorithm, because it goes through the mem- 
ory array twice during programming. 


Well, this all sounds fine, but what difference can the program- 
ming algorithm possibly make? We can find the answer to that 
question in a particularly sneaky deprogramming mode that 
EPROMs can exhibit. We all know that EPROMs are erased by 
exposing them to short-wave ultraviolet light, right? Nothing 
more than applying Einstein’s discovery of the photoelectric ef- 
fect. But there is another erasure mode that can occur, one that 
people in the E’PROM business know about. If you were to 
examine some EPROM cells in an electron microscope, you 
might find a few that have small, tooth-like projections (called 
asperities) on the top of the floating gate polysilicon. These pro- 
jections won’t affect the normal operation of the EPROM, but 
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they could give you problems during programming. When you 
program a row of cells on an EPROM, cells that have been pre- 
viously programmed still feel the full brunt of the high Vpp volt- 
age on their gates when subsequent cells on the same row are 
programmed, because all of the cells on a row have their gates 
connected together. The combination of high voltage on the 
gate and ground on the drain and source causes an intense elec- 
tric field in each previously programmed cell. If any one of the 
cells on that row have these tooth-like projections on their float- 
ing gate polysilicon, the resulting electric field in the oxide 
above the projections will be much more intense than normal. 
This intensified electric field can give some of the electrons on 
the floating gate enough energy to jump the oxide barrier, 
thereby partially erasing the EPROM cell. This unwanted ef- 
fect, called programming erase, can be responsible for poor pro- 
gramming margins unless the programming algorithm takes 
this problem into account. 


Before we continue, it’s important to realize that this type of 
cell doesn’t have a reliability problem, it has a programmabil- 
ity problem. This cell will have the same long-term data reten- 
tion as any other cell in the device, even if it loses part of its 
programming charge. Although it is an EPROM, it has the same 
charge retention characteristics as many manufacturers’ 
EPROM cells that use this type of erasure mode, and they all 
exhibit excellent long-term data retention. The challenge is to 
find these low-margin cells in the device with our programming 
algorithm, and to repair them so that the device functions nor- 
mally. 


Let’s see what kind of impact a cell like this can have on pro- 
gramming margin by programming a row of EPROM cells from 
our AT27C010 one-megabit EPROM with both algorithms. 
The array geometry on the one-megabit is 128 columns by 1024 
rows, by 8 outputs. This means that a single row from a single 
output has 128 EPROM cells. Let’s say that the second cell on 
this row, bit 1 (we’ll call them bits and start with bit 0), has an 
asperity, just like the one mentioned above. When we go to pro- 
gram bits 2, 3, 4, etc., the voltage present on the gate of bit 1 
causes the E°PROM.-like erasure mode. Given enough subse- 
quent bits to program, bit 1 may lose enough charge to appear 
unprogrammed. Let’s take a look at how the QUICK-PULSE 
type of algorithm will fail the device, or even worse, pass it with 
poor programming margin. Then we’ll see how the RAPID al- 
gorithm will program it such that it works perfectly! 


If we examine Figure 8, we see the row of EPROM cells taken 
from our AT27C010 one-megabit device. Recall that bit 1 is the 
cell that’s having the programmability problem, while the rest 
of the bits function normally. For the sake of example, let’s say 
that for each subsequent bit after bit 1 that’s programmed, bit 1 
will lose eight millivolts (mV) of programming margin. Let’s 
also assume that the nominal programming margin for each cell 
is at least the value of Vcc present during programming, which 
is 6.25 V for QUICK-PULSE type algorithms and 6.5 V for the 
RAPID algorithm. Starting with the QUICK-PULSE type of al- 
gorithm at bit 0, we program it, verify it, and find that it passes 
(remember our flowchart from Figure 6?) with the correct mar- 
gin (see Figure 9). We move to cell 1, program it, verify it, and 
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Figure 11: Bits 0, 1 and 2 are programmed. Notice that bit 1 
has been slightly erased. 
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Figure 12: Bit 3 has just been programmed. Notice that bit 1 
has been further erased. 
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Figure 13: The entire row has been programmed. Notice how 
much bit 1 has been erased. 


Programming Margin (Volts): 
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it passes (see Figure 10). Remember, bit 1 only loses voltage 
margin when subsequent cells are programmed. Now we move 
on to bit 2, program it, verify it, and in the process reduce bit 1’s 
programming margin down to 6.242 V (see Figure 11). Next we 
go to bit 3, program it, verify it, and in turn reduce bit 1’s pro- 
gramming margin down to 6.234 V (see Figure 12). This pro- 
cess continues until we get to bit 127. By this time bit 1 has 
experienced 126 subsequent cell programming cycles, and its 
programming margin will be reduced to 5.242 V (see Figure 
13). Since the QUICK-PULSE type of algorithm does its high- 
voltage verify immediately after programming, the algorithm 
has no way of knowing what has happened to bit 1, once it fin- 
ishes programming it. Only when the algorithm does its final 
verify with Vcc set at 5.25 V could it detect that bit 1 is not fully 
programmed. 


In this example we were able to detect bit 1 as being bad, and 
we would fail the device. But what if bit 1’s erasure rate was 
slightly less than 8 mV per subsequent cell, say 7.7 mV? Bit 1’s 
margin might be somewhere around 5.3 V, which would prob- 
ably pass the 5.25-V verify check on our programmer. But re- 
member the problem that we discussed earlier, about the power 
supply noise glitches messing up the operation of devices with 
low programming margin? A device with only 5.3 V of margin 
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is a prime candidate for this type of problem. A small noise 
glitch occurring during data access on the Vcc line of this 
EPROM could easily change the output from a “0” to a “1”. 
And, to make matters worse, this problem would probably 
occur randomly; the eventual diagnosis being that the device 
was intermittent. The unfortunate truth is that there is nothing 
wrong with the EPROM, it’s the programming algorithm that’s 
at fault. 


So let’s go back to our row of 128 EPROM cells, erase them, 
and reprogram them with the RAPID algorithm. Remember that 
with the RAPID algorithm the initial program and verify rou- 
tines are located in different sections of the algorithm, they are 
not contained within the same loop. Starting at bit 0, we pro- 
gram it (to 6.5 V this t'me, see Figure 14). Then move to bit 1, 
and program it (see Figure 15). Next to bit 2, program it, and in 
turn reduce bit 1’s programming margin to 6.492 V (see Figure 
16). Then on to bit 3, program it, and further reduce bit 1’s pro- 
gramming margin to 6.484 V. We continue programming until 
we get to bit 127, and you’ll find that the programming margin 
for all the cells looks similar to figure 8 (see Figure 17). But 
wait, we’re not finished yet. We move back to the beginning of 
the EPROM array, which is bit 0, and verify that it has 6.5 V of 


Figure 14: Bit 0 has just been reprogrammed 
(RAPID algorithm). 
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Figure 15: Bit 1 has just been programmed. 
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Figure 16: Bit 2 has just been programmed. Notice how bit 1 


has been slightly erased again. 
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programming margin. Since we are verifying at 6.5 V, we pass 
it. We now move to bit 1 and notice that its programming mar- 
gin is 5.492 V. This fails our 6.5-V verify, so we program it one 
more time and raise its margin back to 6.5 V, then pass it (see 
Figure 18). Then we move to bit 2, and pass it, since its pro- 
gramming margin is also 6.5 V. Notice that we didn’t depro- 
gram bit 1 in the process of verifying bit 2. We only deprogram 
bit 1 when we program subsequent cells; reading or verifying 
(which is reading) doesn’t generate the intense electric fields 
needed to deprogram EPROM cells. After verifying (and re- 
pairing) this row of cells, we return Vcc to 5.25 V, do a final 
data verify, then pass the row (see Figure 18). Now compare 
Figure 18 with Figure 13. That’s how the RAPID algorithm can 
guarantee programmability! 


Well, you may ask, what if we had five problem cells on the 
same row? Wouldn’t the additional programming pulses during 
the verify function deprogram previously programmed and ver- 
ified cells? They probably would, but the maximum amount of 
deprogramming on the first bit (using this model) would be only 
32 mV (4 x 8 mV). This gives us a programming margin of 
6.468 V, which is still an excellent programming margin. 


When you compare the QUICK-PULSE type algorithms to the 
RAPID algorithm, there really is no comparison. The RAPID 
algorithm simply guarantees programmability, and we demon- 
strated this with the deprogramming bit example, which is one 
of the trickiest programming problems you can have. But the 
RAPID algorithm caught the problem, and repaired the bit so 
that the EPROM will function normally. That’s why Atmel has 
changed its EPROMs programming algorithms over to the 
RAPID algorithm, and why all new devices will use this algo- 
rithm. You'll be glad we did! 
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Figure 17: The entire row has just been programmed. Notice 
how much bit 1 has been erased. 
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Figure 18: The entire row has just been verified at 6.50 volts. - 


Notice how bit 1 has been repaired, its margin being returned to 
6.50 volts using the RAPID algorithm. 
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Programming Socket Adapter 


As the market for nonvolatile memory parts 
in surface mount packages increases, so 
does the interest in simple, low cost pro- 
gramming socket adapters. These adapters 
allow users of standard programming equip- 
ment to program any package type including 
LCC (leadless), SOIC (gull-wing), PLCC 
(J-Lead), and flatpack. The adapter plugs 
into the programmer in place of a 600-mil or 
300-mil DIP package of the same part. The 
surface mount part to be programmed then 
plugs into the socket on the adapter. 


The two major disadvantages of building a 
socket adapter are: 


e Little or no support from programmer 
manufacturers. 


e Prolonged use of socket adapters using 
wire-wrap pins is not recommended due 
to spring tension loss damage of the 
programmer’s zero insertion force sock- 


ets. That may degrade the reliability of 
the programmer when the adapter is not 
used. 
The advantages are more obvious. Some 
manufacturers charge up to $500 for an 
adapter which slides or plugs into the pro- 
grammer compared to about $100 for the 
hardware described here. 


Assembly of a custom programming adapter 
is very simple. Table 1 describes the typical 
piece-parts needed. Table 2 lists sockets and 
piece-part sources for different package 
configurations. The finished adapter is 
about 2 inches square and 1.5 inches high. 


As listed in Table 2, Emulation Technology, 
Inc., (408) 982-0660, can supply the adapter 
sockets preassembled, but we recommend 
you order the parts as an UNSOLDERED KIT to 
facilitate attaching the decoupling cap- 
acitors. The additional wire shunts (not re- 


Table 1. Piece-Part Descriptions (see Figure 1) 


(1) 
(2) 2 


(3) e 


(4) 1 


(6) 20" 


(8) 1 


Item No. Qty. Description 
1 Zero insertion force socket. 


Wire wrap strips with 100 mils pin centers and about 
500 mils long on the end which will plug into the 
programmer's socket and 200 mils long on the opposite 
end to attach to (5) below. 


Wire wrap strips similar to (2) above except only 100 
mils and 200 mils long to connect (4) and (5) below. 


PC board to accept the socket (1) and run traces to the 
edge of the card connecting to (3). 


(5) 1 PC board to run traces from the card edge (3) to the two 
strips (2) (usually separated by 600 mils). 


#16-18 insulated stranded copper wire. 
1-2 0.1-uF ceramic high-frequency decoupling capacitors. 


(Recommended) Pin socket board to fit between (1) and 
(4) to allow easy replacement of the socket (1). (8) is 
soldered to (4) and (1) plugs into (8). Zero insertion 
force sockets wear out quickly so replaceability is a 
good feature to have. 
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quired if a -LN kit is ordered from ET) and capacitors are essen- 
tial to reduce inductive noise effects during programming and 
to maintain adequate programming yield. It is necessary to 
“beef-up” all the power (Vcc, Vpp) and ground (Gnd) connec- 
tions by adding short jumpers of wire (6) running from the 
socket (1), around the edge of the module and finally to the pins 
of item (2) on the bottom of the module. Bypass capacitors (7) 
must be soldered between Gnd and Vcc or Vpp (if applicable). 
The leads on the capacitors must be trimmed as short as possible 
and soldered as close to the socket (1) as possible (on the wide 
traces on the -LN board (4)). The other end of each capacitor 
will be connected to short stranded wires (6) running from the 
top, around the edge of the adapter, and finally soldered to the 
ground pin of item (2). 


Assembly proceeds as follows (see Figure 1 and note that 
jumper wires (6) are not required if a -LN kit is used): 


1) Trim the leads on the jumper wires (6) to about 3.0 inches. 
Solder capacitors (7) with shrink-wrap insulation on the cap 
leads, and jumper wires (6) under the socket (1) (or under (8) 
if socket replaceability is needed) in such a way that they do 
not interfere with attaching the socket (or (8)) to the board 
(4). (If a -LN kit is used, just solder the capacitors on the 
wide traces provided on board (4).) 


2) Solder the socket (or item (8)) to the PC board (4) and trim 
the pins on the socket flush to the board (4). 


3) Solder the shorter pin strips (3) to the outside of board (4) 
with the spacers on the side away from the socket (1). 


4) Solder the longer pin strips (2) into the other PC board (5) 
such that the spacers stick out of the bottom of the adapter. 


Table 2. Vendors / Part Numbers by Package Type 


These longer pins will be used to plug directly into the pro- 
grammer socket. Trim the shorter leads of (2) flush with the 
board (5) after soldering. 


5) Solder the PC board (5) to the short pins protruding below PC 
board (4). 


6) (Omit this step if a -LN kit is used.) Connect all the Vcc, Vpp 
(if applicable) and Gnd wires which were connected in step 
(1) to their appropriate pins on item (2) on the underside of 
the assembly close to the protruding spacer in such a way 
that they will not interfere with plugging the completed 
module into the programmer DIP socket. Trim these shunt 
wires as short as possible to minimize inductance effects. 


This application note has described how to build a simple and 
cheap programming adapter socket to support a wide variety of 
nonvolatile memory product packages available from Atmel. 


Figure 1. 


(1) ———_—_—— 
4) ———+ 


user) 
(3) 
(5) stl, 


{2} Set 


(6 not shown) 


Socket Manufacturer Part No. 


Pin Count Emulation Technology") 

28 AS-28-28-01-L6-LN 

32 AS-32-28-01-P6-LN 

32 (276010) AG-32-32-01-L6-LOW 

44 AS-44-40-08-L6-LN 

32 (27C010) AG-32-32-01-P6-LOW 
AS-32-28-01P-P6-LN 
AS-44-40-08-P6-LN 

32 AS-32-28-01-K6-YAM 

32 (270010) AS-32-32-01-K6-YAM 

44 AS-44-40-08-P6-LN 
AS-28-28-015-6-GANG 
Call Atmel 


Package Type 


Textool*9) 
Yamaichi 
Textool 
Textool 
Textool 
Yamaichi 
Textool 
Yamaichi 
Yamaichi 
Textool 
Enplas 
Yamaichi 


228-4960 
1IC51-0324-453 
232-5427 
244-5292 
232-6917 
1C51-0324-453 
244-5292 
IC51-453-K510011 
IC51-453-K510011 
244-5292 
FB-28-1-27-07 
IC51-937-K510369 
3. Windowed LCC packages (i.e., EPROMs) require 

removal of the circular bumper in the Textool socket lid 


which snaps apart. Non-windowed packages (i.e., E?PROMs, 
OTPs) do not require any socket adjustment. 


Notes: 1. ET can also supply finished adapter sockets built per 
this application note or other customer requirements. 
2. Made by 3M. Check with your local distributor. 


4-126 CMOS SPHO\ o_esweseseenemaememene: 


cei here. mmm CMOS EPROM 


Figure 2. 


ADAPT-A-SOCKET® 
LCC / PLCC / SOIC to DIP 


¢ For programming PROMS, PLDS, 
EPROMS, EEPROMS, PALS+ 
Production ATE testing 

Test points provided for each signal 
Decoupling capacitors can be added. 
Available for LCC, PLCC and SOIC. 
Natural for prototype processing. 
Sturdy base contact pins. 

Saves development $$$. 


+ PAL is a registered trademark of Monolithic Memories, Inc. 


When Your Equipment is Designed for DIPs 


ADAPT-A-SOCKET converts your Dual-In- 
Line (DIP) sockets to ceramic Leadless Chip 
Carrier (LCC), Plastic Leaded Chip Carrier 
(PLCC) and Small Outline Integrated Circuits 
(SOIC) sockets in just seconds. Without having 
to purchase expensive equipment. Just plug 


Number of 
Top Pins 


16 1.60 Max 1.45 
20 " " 
24 
28 " 
32 1.6 1.60 
32 AG* 1.7 .90 
a2 2.7 1.80 


* AG-32-28-01P-6 is available for gang programmers 


Emulation Technology, Inc. ¢ 
FAX: (408) 982-0664 


2368B Walsh Avenue, Bldg. D + 


ADAPT-A-SOCKET into your programmer 
socket, burn-in board or test head and you're 
ready to go. 


Call Factory for Cross Reference Guide 


Specifications 
*SOCKET (LCC, PLCC, SOIC, FLAT PACK) 
BOY TIGGGIIAD risen rcaricrrevinecimmnneivensincres Ryton 
Contact Material ................ccececeeeeeseeeeeees BeCu 
Contact Plating .................0 30 Microinches of 
ishuucibi sare smsinetmeetenisiesna beset tgn eas Gold over Nickel 
ePHYSICAL 
Lids and latches are replaceable. 
¢ BASE (DIP, PGA, LCC, PLCC) 
PG TAGE OE srcestencsyepsencncaie vemneceheniaxapsuatiy een ateititvaninsivieini FR4 
ACNE, ARCA cx seccas ants sisted senses cntcenelBwmnieheamascniiti BeCU 
Contact Plating ......... 30 Microinches of Gold over Nickel 
* ELECTRICAL 


Contact Resistance ....... 25 MilliOHMs per Contact MAX. 
Insulation Resistance ....... 20 MegOHMs MIN. @50 VDC 


RAEN cs chan catacncadmincscaendanienn 2.0 Pico-Farads between 
sn nieeinaianiaxvircediecumcagtnehnernieeen any pair of isolated contacts 
* TEMPERATURE RATING ..............000 -55°C to +125°C 


Test Point Specifications 


Insulator Material ....... Glass-filled nylon black, UL94V-0 


Ona ISPS occ ces cae eeecce tne eenameerpnmoaicen Phosphor Bronze 
Career FCAT asaroccns cunimianccnssunmenimntemavernocmasaniaina 1 Amp 
Te US IN cadens iaeareniapetecienventansistionaicinlaiapiae 300 VRMS 
Dielectric Withstanding Voltage ................006 500 VRMS 
Insulation Resistance «0.0.00... eee >1,000 MegOHMs 
TRUST ARIS RAGIUE ee seeee cccorerewemnncccerncenacs -55°C to 125°C 


® ADAPT-A-SOCKET is registered trademark of Emulation ........ 
Technology, inc. 


Santa Clara, CA 95051 + (408) 982-0660 


TLX: 981 866 
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Features 


Fast Access Time - 35 ns 
e Low Power Dissipation 

100 A Standby Current (AT28HC191L) 

80 mA Active Current 
E°PROM Technology - 100% Reprogrammable 
Direct Replacement for Bipolar PROMs 
Reprogrammable 1000 times 
Chip Clear 
JEDEC Approved Byte-Wide Pinout 

industry Standard 600-mil Wide Package 
e CMOS and TTL Compatible Inputs and Outputs 
e High Reliability High Speed CMOS Technology 
e Full Military, Commercial, and Industrial Temperature Ranges 


16K (2K x 8) 
High Speed 
Electrically 
Erasable 
CMOS PROM 


Description 


The AT28HC191/191L are a pair of high-speed, low-power 2,048 words by 8 bit CMOS 
PROMs. The high speed AT28HC191 offers access times to 35 ns while the AT28HC191L 
provides low standby current consumption of just 100 A. Both devices are packaged in 24 
pin dual inline packages using the JEDEC approved pinout for byte-wide PROMs. The 
AT28HC191 and AT28HC191L are packaged in the industry standard 600-mil wide package. 


These devices are plug-in replacements for 16k bipolar PROMs, while offering distinct advan- 
tages in power consumption, performance and programming. Atmel’s low power CMOS de- 
vices provide a direct power saving upgrade to systems originally using bipolar PROMs. The 
ultra-low standby power of the 28HC191L brings bipolar speeds to battery powered systems. 


The electrically erasable and programmable memory cell allows for 100% testing of each 
memory location. The E*PROM cell’s low programming current permits devices to be pro- 
grammed one byte at a time. On chip circuitry automatically erases each byte and rewrites it 
with the new data, permitting in socket reprogramming. The entire memory array can also be 
erased simultaneously, if desired, by using the device’s "chip- clear" mode. 


The fast access time of the devices makes them suitable for high-performance applications 
such as micro-control storage. In such an application the device allows for fast execution 
speeds, without penalizing storage density or power consumption. With a memory capacity of 
2K bytes, these devices provide economical, reliable and high-performance means of storing 
program instructions. System reliability is enhanced by the low power and inherent reliability 
of Atmel’s 1.5 micron floating poly technology. 


Pin Configurations 


Pin Name Function 


Chip Select 


(Power Down Option) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


CS3 
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Block Diagram 


VCC —__. 
GND —~> 


CS1 


OUTPUT AND 
CS2 PROGRAM 
CS3 CONTROL LOGIC 
Y DECODER 
ADDRESS 
INPUTS 


Operating Modes 


Mode 

Read 

Standby 
Output Disable 


Output Disable 
Write) 


Verify 
Chip Clear 


1. X can be Vy or Vin. 
2. Refer to A.C. Programming Waveforms. 


Notes: 


Device Operation 


READ: When CS1 is low and CS2 and CS3 are high, the data 
stored at the memory location determined by the address inputs 
is asserted on the outputs of the device. The outputs are put in a 
high impedance state whenever CS2 or CS3 is low or whenever 
CS1 is high. The availability of three control lines gives the de- 
signer flexibility in preventing bus contention. 


STANDBY: The AT28HC191L consumes less than 550 iW 
when deselected by raising CS1 to Vcc-0.3 V. This part retains 
the fast chip select times from CS2 and CS3 that are common to 
the AT28HC191. 


PROGRAMMING: A 12 volt input is required on the CS1 pin 
in order to program the devices. This input voltage is not needed 
to supply the programming current required by the memory 
cells as all high voltages used inside the chip are self-generated. 
After CS1 is raised to 12 volts with CS2 low and CS3 high, CS3 
is pulsed low to begin the internally timed write cycle. The ad- 
dress location presented to the device on the falling edge of the 
CS3 signal is written with the data that is presented to the device 
on the rising edge of CS3. An entire eight bit byte is pro- 
grammed during each programming cycle. Any byte can be pro- 
grammed to any data pattern regardless of the current data in 


X DECODER 


DATA INPUTS/OUTPUTS 


1/00 - /O7 
_ DATA LATCH 
bees 


INPUT/OUTPUT 
BUFFERS 
ae 
a 


Y-GATING 


CELL MATRIX 


3. Vo= 12.0 + 0.5 V. 


that byte. An internal timer uses 1 ms to program a byte. No 
additional time is required nor are any additional programming 
pulses. 

VERIFY: A verify of programmed data may be performed 
with CS1 at 12 volts by taking CS2 and CS3 to Vin. The verify 
works exactly as a device read except that CS1 is at 12 volts 
rather than VIL. 


MEMORY CELL: The AT28HC191 family of parts uses 
fully reprogrammable E’PROM cells to store data. Unlike the 
one time programmable fuse link cells commonly found in bi- 
polar PROMs, E 2PROM cells allow each bit to be fully tested 
before shipment by Atmel. The electrical reprogrammability of 
E*PROM cells allows for multiple patterns to be written into 
each device during testing to ensure proper programming, func- 
tioning, and timing. All cells may be reprogrammed up to 1000 
times by the user. 

CHIP CLEAR: The entire contents of these memory devices 
may be set to the high state by the chip clear function. By setting 
CS1 low and CS2 to 12 volts, the chip is cleared when a 10 msec 
low pulse is applied to CS3. 
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Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 

All Input Voltages the operational sections of this specification is not implied. 

(including N.C. Pins) Exposure to absolute maximum rating conditions for extended 


with Respect to Ground -0.6 V to +6.25 V Pa Ey A eee really. 


Temperature Under Bias -55°C to +125°C 


Storage Temperature -65°C to +150°C 


All Output Voltages with 
Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on CS1, CS2 and AQ 
with Respect to Ground -0.6 V to +13.5 V 


D.C. and A.C. Operating Range 


AT28HC191-35 AT28HC191-45 AT28HC191-55 


AT28HC191L-45 AT28HC191L-55 
ee 
es 


Operating 
Temperature 
(Case) 


D.C. Characteristics 
Symbol Parameter Condition Min 


Input Load Current Vin = 0 V to Vcc+1 V 10 LA 
Output Leakage Current Vivo=0VtoVcc 10 pA 


Vcc Standby Current ae ia Nee divide : 
~ AT28HC191 60 mA 
Input Low Voltage 


VOL Output Low Voltage 4 
VOH Output High Voltage ; 2.4 


(1) 


Note: 1. This parameter is only characterized and is not 100% tested. 
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A.C. Characteristics for Read Operation “” 
AT28HC191 AT28HC191L 


Symbol Parameter 


ian® [aderessic Oupubeay | | as | 
ro 


AC 

ACI 0 
tor °4) EST, CS2,CS3 to Output Float | 0 25 | 0 
toH 


Output Hold from CS1,CS2, CS3, 
or Address, whichever occurred 
first 


A.C. Read Waveforms 


ADDRESS q ADDRESS VALID P 
CS2, CS3 i 
tAC 
tDF- 
tAA 
OUTPUT HIGH Z “i OUTPUT SS 
W 
XA. VALID Py 
Notes: 
1. CL=30 pF 
2. CS, CS2 or CS3 may be delayed up to taa-tac after the address 
transition without impact on taa. 
3. tpF is specified from CS1, CS2, or CS3, whichever occurs 
first. 
4. This parameter is only characterized and is not 100% tested. 
Input Test Waveforms and Output Test Load 
Measurement Levels 
3.0V 5.0V 
AC AC 
DRIVING 1.5V MEASUREMENT wie 
LEVELS LEVEL PIN 
0.0V 
200 T SO0pF 

tr, tk<Sns 
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A.C. Write Characteristics 
Symbol Parameter 
Address Set-up Time 
Address Hold Time 


| twe ss |“ Write Pulse Width 


tas 
tAH 
twp 
Data Set-up Time 
Data Hold Time 
Write Cycle Time 
Programming Set-up Time 
Address to Output Delay 


CSn to Output Delay 


| tre CSn to Output Float 
A.C. Write Waveforms 
___VH 
CS1 
VIH 
{VPS two 
ADDRESS = i 0.0.5: 0°¢ Ge 
CS3 
tDS tDH 
tDF 
2 
CS tAA ie 
tAC 
DATA OUT ¢ dS 
Chip Erase Waveforms 
— VIH 
VIH 
cs2. 
CS3 io ss, y 
ee 
tw 


ts = ty = 1 psec (min.) 
tw = 10 msec (min.) 
Vo=12 05 V 
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Ordering Information 


rae eS Ordering Code Package Operation Range 
Standby 
AT28HC191-35DC 24D6 Commercial 
AT28HC191-35PC 24P6 (0° to 70°C) 


wa acl Commercial 
wa -45PC acl (0° to 70°C) 
AT28HC191-45DI 24D6 Industrial 

AT28HC191-45PI 24P6 (-40° to 85°C) 


AT28HC191-45DM Military 
(-55° to 125°C) 


AT28HC191-45DM/883 


Military/883C 
Class B, Fully Compliant 
(-55° to 125°C) 


AT28HC191-55DC 24D6 Commercial 
AT28HC191-55PC 24P6 (0° to 70°C) 
AT28HC191-55DI! 24D6 Industrial 

AT28HC191-55PI 24P6 (-40° to 85°C) 


| ee ce -55DM 24D6 Military 

(-55° to 125°C) 
Military 
Class B, Fully Compliant 
(-55° to 125°C) 


Mneiisteactae -55DM/883 


Package Type 
| 2406 24 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


| 24P6 —s|_ 24 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
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AT28HC191/L 


Ordering Information 


tac 
oe Ordering Code Operation Range 
| Active | Standby | 
AT28HC191L-45DC 24D6 Commercial 
AT28HC191L-45PC 24P6 (0° to 70°C) 
AT28HC191L-45DI 24D6 Industrial 
AT28HC191L-45Pl 24P6 (-40° to 85°C) 


AT28HC191L-45DM Military 
(-55° to 125°C) 


AT28HC191L-45DM/883 


Military/883C 
Class B, Fully Compliant 
(-55° to 125°C) 


AT28HC191L-55DC 24D6 Commercial 
AT28HC191L-55PC 24P6 (0° to 70°C) 
AT28HC191L-55DI 24D6 Industrial 
AT28HC191L-55PI 24P6 (-40° to 85°C) 
AT28HC191L-55DM 24D6 Military 
(-55° to 125°C) 


AT28HC191L-55DM/883 Military/883C 
Class B, Fully Compliant 
(-55° to 125°C) 


Package Type 
| 2406 24 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
| 24P6 24 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
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Features 


e Fast Access Time - 35 ns 
e Low Power Dissipation 
100 A Standby Current (AT28HC291L) 
80 mA Active Current 
E°PROM Technology - 100% Reprogrammable 
Direct Replacement for Bipolar PROMs 
Reprogrammable 1000 times 
Chip Clear 
JEDEC Approved Byte-Wide Pinout 
Space-Saving 300-mil Wide Package 
CMOS and TTL Compatible Inputs and Outputs 
High Reliability High Speed CMOS Technology 
e Full Military, Commercial, and Industrial Temperature Ranges 


Description 


The AT28HC291/291L are a pair of high-speed, low-power 2,048 words by 8 bit CMOS 
PROMs. The high speed AT28HC291 offers access times to 35 ns while the AT28HC291L 
provides low standby current consumption of just 100 1A. Both devices are packaged in 24 
pin dual inline packages using the JEDEC approved pinout for byte-wide PROMs. The 
AT28HC291 and AT28HC291L are supplied in space-saving 300-mil wide packages and also 
in 28 pad leadless chip carriers. 


These devices are plug-in replacements for 16k bipolar PROMs, while offering distinct ad- 
vantages in power consumption, performance and programming. Atmel’s low power CMOS 
devices provide a direct power saving upgrade to systems originally using bipolar PROMs. 
The ultra-low standby power of the 28HC291L brings bipolar speeds to battery powered sys- 
tems. 


The electrically erasable and programmable memory cell allows for 100% testing of each 
memory location. The E*PROM cell’s low programming current permits devices to be pro- 
grammed one byte at a time. On chip circuitry automatically erases each byte and rewrites it 
with the new data, permitting in socket reprogramming. The entire memory array can also be 
erased simultaneously, if desired, by using the device’s "chip- clear" mode. 


The fast access time of the devices makes them suitable for high-performance applications 
such as micro-control storage. In such an application the device allows for fast execution 
speeds, without penalizing storage density or power consumption. With a memory capacity 
of 2K bytes, these devices provide economical, reliable, and high-performance means of stor- 
ing program instructions. System reliability is enhanced by the low power and inherent reli- 
ability of Atmel’s 1.5 micron floating poly technology. 


Pin Configurations 


AS A7 VCC AQ 
A6 NC A8 


A0-A10 


icovGr [ose 


1 
2 
3 
4 
5 
6 
7 
8 
9 


16K (2K x 8) 
High Speed 
Electrically 
Erasable 
CMOS PROM 
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Block Diagram 


DATA INPUTS/OUTPUTS 


pee = V/00 - VO7 
cst OUTPUT AND DATA LATCH 
cs2 PROGRAM i 
oss CONTROL LOGIC 
Y DECODER 
ADDRESS 
INPUTS 


Operating Modes 


Mode 

Read 

Standby 
Output Disable 


Output Disable 
Write?) 


Verify 
Chip Clear 


Notes: 1. X can be Vir or Vin. 
2. Refer to A.C. Programming Waveforms. 


Device Operation 


READ: When CS1 is low and CS2 and CS3 are high, the data 
stored at the memory location determined by the address inputs 
is asserted on the outputs of the device. The outputs are put in a 
high impedance state whenever CS2 or CS3 is low or whenever 
CS1 is high. The availability of three control lines gives the de- 
signer flexibility in preventing bus contention. 


STANDBY: The AT28HC291L consumes less than 550 WW 
when deselected by raising CS1 to Vcc-0.3V. This part retains 
the fast chip select times from CS2 and CS3 that are common to 
the AT28HC291. 


PROGRAMMING: A 12 volt input is required on the CS1 pin 
in order to program the devices. This input voltage is not needed 
to supply the programming current required by the memory 
cells as all high voltages used inside the chip are self-generated. 
After CS1 is raised to 12 volts with CS2 low and CS3 high, CS3 
is pulsed low to begin the internally timed write cycle. The ad- 
dress location presented to the device on the falling edge of the 
CS3 signal is written with the data that is presented to the device 
on the rising edge of CS3. An entire eight bit byte is pro- 
grammed during each programming cycle. Any byte can be pro- 
grammed to any data pattern regardless of the current data in 


X DECODER 


3. Vu= 12.0 + 0.5 V. 


that byte. An internal timer uses 1 ms to program a byte. No 
additional time is required nor are any additional programming 
pulses. 

VERIFY: A verify of programmed data may be performed with 
CS1 at 12 volts by taking CS2 and CS3 to VIH. The verify 
works exactly as a device read except that CS1 is at 12 volts 
rather than VIL. 


MEMORY CELL: AT28HC291 family of parts uses fully 
reprogrammable E’PROM cells to store data. Unlike the one 
time programmable fuse link cells commonly found in bipolar 
PROMs, E’PROM cells allow each bit to be fully tested before 
shipment by Atmel. The electrical reprogrammability of 
E’PROM cells allows for multiple patterns to be written into 
each device during testing to ensure proper programming, func- 
tioning and timing. All cells may be reprogrammed up to 1000 
times by the user. 


CHIP CLEAR: The entire contents of these memory devices 
may be set to the high state by the chip clear function. By setting 
CS1 low and CS2 to 12 volts, the chip is cleared when a 10 msec 
low pulse is applied to CS3. 
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Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 

All Input Voltages the operational sections of this specification is not implied. 

(including N.C. Pins) Exposure to absolute maximum rating conditions for extended 


with Respect to Ground -0.6 V to +6.25 V periods may affect device reliability. 


All Output Voltages with 
Respect to Ground -0.6 V to Vcc +0.6 V 


Voltage on CS1, CS2 and A9 
with Respect to Ground -0.6 V to +13.5 V 


Temperature Under Bias -55°C to +125°C 


Storage Temperature -65°C to +150°C 


D.C. and A.C. Operating Range 


AT28HC291-35 AT28HC291-45 AT28HC291-55 


AT28HC291L-45 AT28HC291L-55 
ee 
es 


Operating 
Temperature ind. 
(Case) 


D.C. Characteristics 
Symbol Parameter Condition Min Max Units 


Input Load Current Vin = 0 V to Voc+1 V 10 pA 
Output Leakage Current Vyvo=0VtoVcc 10 LA 


CS1=Vin AT28HC291L 3 mA 
Icc1 Vcc Standby Current ADDR = 0/V 

ee AT28HC291 60 mA 

Vcc Active Current f = 10 MHz; loutT=0O mA 80 mA 
Input Low Voltage 0.8 V 
Input High Voltage 2.0 V 
Output Low Voltage loL.=12mA 4 V 
Output High Voltage IOH = -4.0 mA V 


Pin Capacitance (f= 1 MHz, T= 25°C) 


Conditions 


Vin=0V 
Vout =0 V 


Note. 1. This parameter is only characterized and is not 100% tested. 
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A.C. Characteristics for Read Operation “” 
AT28HC291 AT28HC291L 


Symbol Parameter 


= nog Le al el at ele 
tac |os2, C8310 OutputDelay | | 80 | a | 80 

(2) 0 
5 


CS1, CS2, CS3 to Output Float 0 


Output Hold from CS1,CS2, CS3, 
t or Address, whichever occurred 
first 


tac 2 
tact ® [ESF to Output Delay 
tDF 2 

OH 


A.C. Read Waveforms 
ADDRESS 4 ADDRESS VALID > 


$2, CS3 
CS2, C HAC 


tDF- 
tAA 
OUTPUT HIGH Z Mae OUTPUT 
Wa 
aX VALID PP 
Notes: 
1. CL=30 pF 
2. CS, CS2 or CS3 may be delayed up to taa-tac after the address 
transition without impact on taa. 
3. tpF is specified from CS1, CS2, or CS3, whichever occurs 
first. 
4. This parameter is only characterized and is not 100% tested. 
Input Test Waveforms and Output Test Load 
Measurement Levels 
3.0V ay 
AC AC 330 
DRIVING 1.5V MEASUREMENT OUTPUT 
LEVELS LEVEL PIN 
ed 200 T 30pF 
tr, tk<Sns 
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AT28HC291/L 


A.C. Write Characteristics 


Symbol Parameter 


Address Set-up Time 
Address Hold Time 50 ns 
Write Pulse Width 50 


Data Set-up Time 50 


Data Hold Time 0 


Programming Set-up Time 


Address to Output Delay 
CSn to Output Delay 


tDF CSn to Output Float 
A.C. Write Waveforms 
___VH 
CS1 
VIH 
tVPS two 
TW IVV 

ADDRESS = [iD .0-6:¢"6"> Ca 

CS3 
tDS tDH 

DATA IN { sip _ 

CS2 tDF 


DATA OUT 


Chip Erase Waveforms 
—— VIH 


tAA 
tAC 
VIH 


CS2 VIH 
VIH Vm 
CS3 VIL 


ts = ty = 1 [sec (min.) 
tw = 10 msec (min.) 
Vy =12 +0.5 V 


a 
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Ordering Information 


tacc loc (mA) 
Ordering Code Package Operation Range 
AT28HC291-35DC 24D3 Commercial 
AT28HC291-35PC 24P3 (0° to 70°C) 


AT28HC291-45DC 24D3 Commercial 
AT28HC291-45LC 28L (0° to 70°C) 
AT28HC291-45PC 24P3 

AT28HC291-45DI 24D3 Industrial 
AT28HC291-45LI 28L (-40° to 85°C) 
AT28HC291-45PI 24P3 

AT28HC291-45DM 24D3 Military 
AT28HC291-45LM 28L (-55° to 125°C) 
AT28HC291-45DM/883 24D3 Military/883C 
AT28HC291-45LM/883 Class B, Fully Compliant 


(-55° to 125°C) 
Commercial 
(0° to 70°C) 


AT28HC291-55DC 
AT28HC291-55LC 
AT28HC291-55PC 


AT28HC291-55DI 
AT28HC291-55LI 


Industrial 
(-40° to 85°C) 


AT28HC291-55PI 24P3 

AT28HC291-55DM 24D3 Military 
AT28HC291-55LM 28L (-55° to 125°C) 
AT28HC291-55DM/883 24D3 Military/883 


AT28HC291-55LM/883 Class B, Fully Compliant 


(-55° to 125°C) 


Package Type 


| 2403 —s|_ 24 Lead, 0.300" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


| 24P3 —s|_ 24 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
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AT28HC291/L 


Ordering Code Operation Range 


Commercial 
(0° to 70°C) 
Industrial 
(-40° to 85°C) 
Military 
(-55° to 125°C) 
Military/883C 
Class B, Fully Compliant 
(-55° to 125°C) 
Commercial 
(0° to 70°C) 


Ordering Information 


Icc (mA) 
Standby 


AT28HC291L-55DC 
AT28HC291L-55LC 
AT28HC291L-55PC 


AT28HC291L-55DI 


Industrial 


AT28HC291L-55LI (-40° to 85°C) 
AT28HC291L-55Pl 24P3 

AT28HC291L-55DM 24D3 Military 
AT28HC291L-55LM 28L (-55° to 125°C) 
AT28HC291L-55DM/883 24D3 Military/883 
AT28HC291L-55LM/883 Class B, Fully Compliant 


(-55° to 125°C) 


[2408 | 24 Lead, 0.500" Wide, Non. Windowed, Ceramic Dual Inne Package (Cordp) 
[24pa | 24 Lead, 0.900" Wide, Plastic Dual nine Package (PDIP) 
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Features 


e Bipolar Speed 
Read Access Time - 35 ns 
e Low Power CMOS Operation 
25 mA max. Standby 
45 mA max. Active at 10 MHz 
e Direct Bipolar PROM Replacement 
e High Output Drive Capability 
e Reprogrammable - 100 :s/byte (typical) 
Tested 100% for Programmability 
e JEDEC Approved Byte-Wide Pinout 
300-mil DIP, 600-mil DIP and LCC packages 
CMOS and TTL Compatible Inputs and Outputs 
High Reliability Latch-Up Resistant CMOS Technology 
Integrated Product Identification Code 
Full Military, Industrial and Commercial Temperature Ranges 
Fully Compatible with AT27HC641/2 


Description 

The AT27HC641R/642R chip family is a high-speed, low-power 65,536 bit reprogrammable 
read only memory (PROM), which is UV erasable, organized as 8K x 8 bits. All devices 
require only one 5 V power supply in normal read mode operation. All bytes on the 641R and 
642R parts can be accessed in less than 35 ns, making these parts ideal for high-performance 
systems without penalizing bit density or power consumption. 

The 640R series of devices come in a choice of JEDEC-approved 24-pin DIP or 28-pad LCC 
packages, providing a direct power saving CMOS upgrade for systems originally using Bipo- 
lar PROMs. The AT27HC641R is available in a standard 600-mil cerdip or one-time pro- 
grammable plastic (OTP) package, and LCC package, while the AT27HC642R is available 
in a space-saving 300-mil cerdip or plastic (OTP) package. 

Atmel’s 1.2-micron, high-speed CMOS technology provides optimum speed, low-power and 
high noise immunity. Power consumption on the AT27HC641 and AT27HC6472 is typically 
only 30 mA in Active Mode and less than 10 mA in Standby. The high speed CMOS process 
is an extension of Atmel’s high quality and highly manufacturable floating poly PROM tech- 
nology. The ability to reprogram the PROM, which is fully tested before shipment, provides 
inherently better programmability and reliability than one-time fusable PROMs. 


continued on next page 


Pin Configurations 


AO-A12 [Addresses 


A5 A7 VCC AQ 
A6 NC A8 


1 
2 
3 
4 
5 
6 
7 
8 
9 


12 14 16 18 


O02 NC O4 
01 GND O3 O5 
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64K (8K x 8) 
Reprogrammable 
CMOS 

PROM 
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Description (Continued) Block Diagram 

With a storage capacity of 8K bytes, Atmel’s 640R series parts VCC __» DATA OUTPUTS 
allow firmware to be stored reliably and to be accessed at bipo- GND ——> O00 - O7 

lar PROM speeds. All the 640R series parts have exceptional 

output drive capability - source 4 mA and sink 16 mA per out- GS/VPP CS AND OUTPUT 
put. CE | paocaantoaic | > BUFFERS 


Atmel’s 640R series chips also have additional features to en- 
sure high-quality and efficient production use. The Rapid pro- AO-A12 
gramming algorithm reduces the time required to program the ADDRESS 
chip and guarantees reliable programming. The Integrated INPUTS 
Product Identification Code electronically identifies the device 
and manufacturing origin. This feature is used by industry stan- 
dard programming equipment to select the proper programming 
algorithms and voltages. 


Y-GATING 


CELL MATRIX 
IDENTIFICATION 


Absolute Maximum Ratings* 


Y DECODER 


X DECODER 


Temperature Under Bias -55°C to +125°C 
Storage Temperature -65°C to +150°C 
—— Voltage on Any Pin with 
Erasure Characteristics Respect to Ground -2.0 V to +7.0 V"") 


The entire memory array of an Atmel 640R series chip is erased Voltage on AQ with 


(all outputs read as Von) after exposure to ultraviolet light at a (1) 
wavelength of 2537A. Complete erasure is assured after a min- mespest 16 Ground a eee 
imum of 20 minutes exposure using 12,000 uW/cm* intensity CS/Vpp Supply Voltage with 

lamps spaced one inch away from the chip. Minimum erase time Respect to Ground -2.0 Vto +14.0 vi") 
for lamps at other intensity ratings can be calculated from the 


minimum integrated erasure dose of 15W-sec/cm”. To prevent Integrated UV Erase Dose 7258 Wesec/cm? 
unintentional erasure, an opaque label is recommended to cover 
the clear window on any PROM which will be subjected to con- *NOTICE: Stresses beyond those listed under "Absolute Maxi- 
tinuous fluorescent indoor lighting or sunlight. 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 

1. Minimum voltage is -0.6 V de which may undershoot to -2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc+0.75 V dc which may overshoot to +7.0 V for pulses of 
less than 20 ns. 


Operating Modes 


MODE \ PIN CS/Vpp Ai Vcc Outputs 
Read VIL Ai Vcc DouT 


Standby VIH xt") Vcc High Z 
PGM Verify VIL Ai Voc Dout 
AQ=Vy ©) 


Product Identification VIL AO=Vin or ViL — Identification 


A1-A12=ViL sical 
Notes: 1. X can be Vy, or Vin. 4. Two identifier bytes may be selected. All Ai inputs are held 
2. Refer to Programming characteristics. low (Vi), except A9 which is set to Vy and AO which is tog- 
3. Vo = 12.0+0.5 V. gled low (Vj) to select the Manufacturer’s Identification byte 


and high (V1) to select the Device Code byte. 
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D.C. and A.C. Operating Conditions for Read Operation 


AT27HC641R / AT27HC642R 
55 -70 -9 


-35 -45 0 
0°C - 70°C oC - 70°C OC «76°C 0°G - 70°C 0°C.- 70°C 


Operating 
Temperature || 40°C - 85°C | -40°C- 85°C | -40°C-85°C | -40°C - 85°C 
(Case) Mi. | | -55°C - 125°C | -55°C - 125°C | -55°C - 125°C | -55°C - 125°C 


Vcc Power Supply 5Vt 5% 5V+ 10% 5V+10% 5V+10% 


5 V+ 10% 


D.C. and Operating Characteristics for Read Operation 


Symbol Parameter Condition Min Max Units 
Input Load Current Vin = -0.1 V to Vec+1 V 10 LA 
ILo Output Leakage Current VouT = -0.1 V to Vec+0.1 V 10 LA 
CS/Vpp © no _ 
Read/Standby Current CS/Vpp = -0.1 V to Vcc+1 V 
IsB1 (CMOS) Com. 
CS/Vpp = Vcc-0.3 to Vec+1.0 V j 
Voc ‘” Standby Current oc pa 
Isp2 (TTL) Com. 
CS/Vpp = 2.0 to Vcc+1.0 V Ind.,Mil. 
: f = 10 MHz,louT = 0 mA 
| Vcc Active Current ae ' 
os a CS/Vpp = VIL Ind.,Mil. 
Output Short Circuit Current Vout = 0 V 100 m 
Input Low Voltage -0.6 0.8 V 
Input High Voltage 2.0 Vcc+0.75 V 
Output Low Voltage loL = 16 mA 4 V 
IOH = -100 LA Vcc-0.3 V 
VOH Output High Voltage oF = ce 
IOH = -4.0 MA 2.4 V 
Notes: 1. Vcc must be applied simultaneously or before CS/Vpp, 2. Not more than one output at a time should be shorted. 
and removed simultaneously or after CS/V pp. Duration of short circuit test should not exceed 30 sec. This 


parameter is only sampled and is not 100% tested. See Abso- 
lute Maximum Ratings. 


A.C. Characteristics for Read Operation 


AT27HC641R / AT27HC642R 
-35 -45 -55 -70 -90 


(4)  |Address to Com. 


Output Delay 
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A.C. Waveforms for Read Operation “” 


Notes: 

1. Timing measurement reference is 1.5 V. Input 
AC driving levels are 0.0 V and 3.0 V, unless 

=< otherwise specified. 

ian 2. Asserting csv pp may be delayed up to 
tad - tcs after the address transition without im- 

pact on access time. 

OUTPUT pe HX as 3. This parameter is only sampled and is not 100% 
tested. 

4. C_=30 pF, add 10 ns for Cy = 100 pF. 

5. Output float is defined as the point when data is 
no longer driven. 


ADDRESS 


Input Test Waveforms Output Test Load 
and Measurement Levels _ 
3.0V 


250 


AC AC OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS LEVEL 
0.0V 167 CL oe 
L Note: Cy=30pF including 
tr, &< Sns (10% to 90%) i sil 


Pin Capacitance (f= 1 MHz T= 25°C) °” 


Conditions 


ViN=O0V 


Notes: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Programming Waveforms 


PROGRAM VERIFY 


ADDRESS . 
8S VIL 


VIH 
DATA VIL 


VCC 6.5V 
5.0V 


Notes: 

1. The Input Timing References are 0.0 V for Vit 
and 3.0 V for Vin. 

2. tcs and tprp are characteristics of the device but 
must be accommodated by the programmer. 


csyvpp 13°¥ 


5.0V 
VIL 
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AT27HC641R/2R 


— Atmel’s 27HC641R/2R Integrated 
D.C. Programming Characteristics Product Identification Code | 


Ta= 25+5°C, Voc = 6.5+ 0.25 V, CS/Vpp = 13.04 0.25 V 
| Pins Ss Hex 
Codes Data 
00001111 0 


Sym- Test Limits 
bol Parameter Conditions Min Max Units 


Iu Input Load Current Vin=Vit,Vin 10 pA Device Type 
Input Low Level (Allinputs) -0.6 0.8 V 
Vin | Input High Level 2.0 Vcec+l V : ‘ , 
ee “ Rapid Programming Algorithm 
Output Low Volt. = loL-16mA 4 V a oe 
A 100 ps CS/Vpp pulse width is used to program. The address 
Output High Volt. lox=-4.0mA_ 2.4 V is set to the first location. Vcc is raised to 6.5 V and CS/Vpp is 
Vec Supply Current 50 mA raised to 13.0 V. Each address is first programmed with one 100 
(Program and Verify) us CS/Vpp pulse without verification. Then a verification / re- 
CS/Vpp Supply _— programming loop is executed for each address. In the event a 
CS/Vpp=Vpp 30 ; : ; ; 
Current byte fails to pass verification, up to 10 successive 100 ps pulses 
AQ Product are applied with a verification after each pulse. If the byte fails 
Vip | Identification to verify after 10 pulses have been applied, the part is consid- 
Voltage ered failed. After the byte verifies properly, the next address is 


selected until all have been checked. CS/Vpp is then lowered to 

5.0 V and Vcc to 5.0 V. All bytes are read again and compared 
A.C. Prog ramming Characteristics with the original data to determine if the device passes or fails. 
Ta = 25+5°C, Vec= 6.5+ 0.25 V, CS/Vpp=13.0+ 0.25 V 


Test 
Sym- Conditions* Limits 
(see Note 1) Min Max Units 


ADDR = FIRST LOCATION 
VCC = 6.5V 
CS/VPP = 13.0V 


PROGRAM ONE 100 uS PULSE 


Data Hold Time 2 us 


CS/Vpp High to 
toFP | Output Float (Note 2) 0 130 ons 
Delay 
Vcc Setup Time 2 us 
few Puee Wide (Note 3) 95 105 us 
tcs__| Data Valid from CS/Vpp 70 ns 


* A.C. Conditions of Test: 


Input Rise and Fall Times (10% to 90%) .......... 5 ns 

Input Pulse Levels. ...<5:20cs seeeee ves 0.0 V to 3.0 V 

Input Timing Reference Level ...............+. 1SV VCC = 5.0V 

Output Timing Reference Level ................ 15V ee 
Notes: 


1. Vcc must be applied simultaneously or before CS/Vpp 
and removed simultaneously or after CS/Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Program Pulse width tolerance is 100 psec + 5%. 


COMPARE 
ALL BYTES 


DEVICE 
PASSED 
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Ordering Code Operation Range 


AT27HC641R-35DC 
AT27HC642R-35DC 
AT27HC641R-35LC 


AT27HC641R-45DC 
AT27HC642R-45DC 
AT27HC641R-45LC 
AT27HC641R-45PC 
AT27HC642R-45PC 


AT27HC641R-45DI 
AT27HC642R-45DI 
AT27HC641R-45LI 
AT27HC641R-45PI 
AT27HC642R-45PI 


AT27HC641R-45DM 
AT27HC642R-45DM 
AT27HC641R-45LM 


AT27HC641R-45DM/883 
AT27HC642R-45DM/883 
AT27HC641R-45LM/883 


AT27HC641R-55DC 
AT27HC642R-55DC 
AT27HC641R-55LC 
AT27HC641R-55PC 
AT27HC642R-55PC 


AT27HC641R-55DI 
AT27HC642R-55DI 
AT27HC641R-55L1 
AT27HC641R-55PI 
AT27HC642R-55PI 


AT27HC641R-55DM 
AT27HC642R-55DM 
AT27HC641R-55LM 


AT27HC641R-55DM/883 
AT27HC642R-55DM/883 
AT27HC641R-55LM/883 


AT27HC641R-70DC 
AT27HC642R-70DC 
AT27HC641R-70LC 
AT27HC641R-70PC 
AT27HC642R-70PC 


AT27HC641R-70DI 
AT27HC642R-70DI 
AT27HC641R-70LI 
AT27HC641R-70PI 
AT27HC642R-70PI 


Ordering Information 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 
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AT27HC641R/2R 


Ordering Code Operation Range 


AT27HC641R-70DM 
AT27HC642R-70DM 
AT27HC641R-70LM 


AT27HC641R-70DM/883 
AT27HC642R-70DM/883 
AT27HC641R-70LM/883 


AT27HC641R-90DC 
AT27HC642R-90DC 
AT27HC641R-90LC 
AT27HC641R-90PC 
AT27HC642R-90PC 


AT27HC641R-90DI 
AT27HC642R-90DI 
AT27HC641R-90LI 
AT27HC641R-90PI 
AT27HC642R-90PI 


AT27HC641R-90DM 
AT27HC642R-90DM 
AT27HC641R-90LM 


AT27HC641R-90DM/883 
AT27HC642R-90DM/883 Class B, Fully Compliant 
AT27HC641R-90LM/883 (-55°C to 125°C) 


5962-87515 01 JX Military/883C 
5962-87515 01 KX Class B, Fully Compliant 
5962-87515 01 LX (-55°C to 125°C) 
5962-87515 01 3X 


5962-87515 02 JX 
5962-87515 02 KX 
5962-87515 02 LX 
5962-87515 02 3X 


5962-87515 03 JX Military/883C 
5962-87515 03 KX Class B, Fully Compliant 
5962-87515 03 LX (-55°C to 125°C) 
5962-87515 03 3X 


5962-87515 04 JX 
5962-87515 04 KX 
5962-87515 04 LX 
5962-87515 04 3X 


Ordering Information 


tacc Icc (mA) 
(ns) 


Military 
(-55°C to 125°C) 


Military/883C 

Class B, Fully Compliant 

(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 
24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


24 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 

24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 

24 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


ATMEL 52s 
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Section 6 

CMOS SRAMs 

AT3864L 8K x 8 BG SPU iiceasisarneia even eux esny tnsiscavaewwicincanvesonverte mat nen 6-3 
AT3864L-15DMB 8K x 8 64K SRAM, Full Military Temperature................... 6-11 
AT38H256 32K x 8 ONG SOP rirsetsassidcresniinnts sexiniteictniciese ses neseambieandacbatensin 6-19 
AT38LV256 32K x 8 Low Voltage, 256K SRAM..................cececeeeeeeeeeseeees 6-27 
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Features 


e Fast Read Access Time - 100 ns 
e Low Power 
35 mA Maximum (Active) 
100 LA Maximum (Standby) 
2-V Data Retention 
Fully Static: No Clock Required | 
Three Control Inputs (CE1, CE2, and OE) 
TTL Compatible Inputs and Outputs 
5 V+ 10% Supply 
28-Lead Dual In-line and Surface Mount Packages 
JEDEC Pinout 
Commercial and Industrial Temperature Ranges 


Block Diagram 
A5 


A6 

A7 

ke ADDRESS ROW MEMORY 
Ag BUFFER [C_— SDECODERC_ > ARRAY 
A10 256 x 256 
A11 

A12 

Ao 

- ADDRESS COLUMN 

rp BUFFER —s = Y-GATING 
A4 


= 


a 
aoe 


OE 


Description 


The AT3864L is a high performance CMOS static Random Access Memory. Its 64K of mem- 
ory is organized as 8192 words by 8 bits. Manufactured with an advanced CMOS technology, 
the AT3864L offers access times down to 100 ns with power dissipation of under 200 mW. 
When the AT3864L is deselected, the standby current is just 100 WA. In addition, the 
AT3864L offers a data retention capability of only 100 .W power dissipation when operated 
on a 2-volt power supply. 

The AT3864L powers down to the standby mode when deselected (CE; is HIGH or CE2 is 
LOW). The I/O pins remain in the high impedance state unless the chip is selected (CE is 
LOW and CE2 is HIGH), the outputs are enabled (OE is LOW), and Write Enable is not active 
(WE is HIGH). 

The AT3864L is completely TTL compatible and requires a single 5-volt power supply. The 
device is fully static and does not need any clocks or refresh control signals for operation. 


Pin Configurations 


Pin Name Function 


| OE | OutputEnable 
| WE | Write Enable 


1 
2 
3 
4 
5 
6 
7 
8 


64K (8K x 8) 
CMOS 
SRAM 
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Absolute Maximum Ratings* 


-40° C to 85° C 
-55° C to 125° C 


Temperature Under Bias 


Storage Temperature 


All Input Voltages 
(including NC Pins) 


with Respect to Ground -0.3 V to Vcc+0.3 V 


All Output Voltages 


with Respect to Ground -0.3 V to Vcc+0.3 V 


Maximum Supply Voltage 


Device Operation 


READ: When CE} is LOW, CE2 is HIGH, OE is LOW, and 
WE is HIGH, the eight bits of data stored at the memory loca- 
tion determined by the address input (pins Ao through A12) are 
inserted on the data outputs (pins I/O; through I/Os). 

WRITE: When CE; is LOW, CE2 is HIGH, and WE is LOW, 
the eight bits of data placed on the input pins (I/O; through I/Og) 


Operating Modes 
MODE\PIN CE2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


are stored at the memory location determined by the address 
input (pins Ao through Aj2). 

DATA RETENTION: When the chip is in standby mode, Vcc 
can be reduced to as low as two volts without impacting data 
integrity. Power dissipation will be reduced to 100 1. W maxi- 
mum. 


OE E 


Note: 1. X canbe L (Low) or H (High) 


D.C. and A.C. Operating Range 


AT3864L-10 
°C - 70°C 
-40°C - 85°C 
5V+10% 


AT3864L-12 
0°C - 70°C 
-40°C - 85°C 
5 V+ 10% 


AT3864L-15 
0°C - 70°C 
-40°C - 85°C 
5 V+ 10% 


Operating Commercial 


Temperature (Case) 


Industrial 


Vcc Power Supply 
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AT3864L 


D.C. and Operating Characteristics 


Symbol Parameter Conditions 


lu Input Load Current Vin = 0 to Vcc 


CE; =2.2 Vto Vcc + 0.3 Vor 
CE2 = -0.3 V to 0.8 V or 

OE = 2.2 V to Vcc + 0.3 V or 
WE = -0.3 V to 0.8 V 

Vivo = 0 to Vcc 


CE2<0.2 Vor 

Standby Current CE1>Vcc - 0.2 V, 

(CMOS) CE2>Vcc - 0.2 VorCE2<0.2 V 
Vin = 0 to Voc 


Output Leakage 
Current 


CE2 = -0.3 V to 0.8 V or 

pla Current CE1 = 2.2 Vto Voc 40.3 V, 
Vin = 0 to Vcc 

CE1 =-0.3 Vto 0.8 V, 

lll Current CEo = 2.2 Vto Vcc + 0.3 V, 


ILI 
ILO 
Icc 

lout = 0 mA, min cycle 
VIL Input Low Voltage 
Input High Voltage 
Output Low Voltage lol = 2.0 mA 


Output High Voltage loH = -1.0 MA 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


Input/Output Capacitance VouT =0 V 
Input Capacitance Vin=0V 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Symbol Parameter Conditions Min Typ Max Units 
6 10 
6 10 


pF 
pF 


Input Test Waveforms and Measurement Levels 


2.4V 

AC AC 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL (1) (2) 


0.6V 


Notes: 1. Input rise and fall time 5 ns. 
2. Output load: 1TTL gate + 10 OpF. 
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A.C. Characteristics for Read 
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Symbol 


tRC Read Cycle Time 


is 
i 


a 
— 
o Oo 


AT3864 
100 

13 

10 


OE Output Enable Time 
tcop1,2 | CE1, CE2 Output Disable Time 


OE Output Disable Time 


> 
O1 
aS 
ol 


aS 


A.C. Characteristics for Write 


AT3864L-10 
Symbol | Parameter 


ae 
Write Cycle Time 100 
Address Setup Time 
ees 

twR 

tos 

{DH 


AT3864L-12 AT3864 


~ 
oO 


aN 
oO 


hee 
a ero 
ae 
WE Output Disable Time 


oO 


4 
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AT3864L 


A.C. Waveforms for Read Cycle“’ 


tec 
ADDRESS EEE = 


toy ne 


eaten ae SSS INNA 


t cope ooo 


A Os \ Sa MLL 


Aes 


> S| pee VELA LLLMA 
a 


oor (8) 
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COE2 


DouT® 


So marae KS 


A.C. Waveforms for Write Cycle 1 (WE Write) © 
t 


WC 


“oe - tas Q t we (3 twa ton 
C<56E 

CE, SSK zzz 

TN es I 


KX 
QELS 
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A.C. Waveforms for Write Cycle 2 (WE Write) © 


twe 


twri2 


We SSSR REEL 
a) ae 


x= tows (4) 
CE NOY 


t COE1,2 


C2ND 
Dour ® QPP 


tos tont.2 


Notes: 

1. During a Read Cycle, WE should be HIGH. 4. tcw is measured from the later of CE; going LOW or CE2 

2. During this period, I/O pins are in the output state. going HIGH to the end of Write. —__ 

3. A Write occurs when CE), CE2 and WE are all active at the 5. If OE or CE; is HIGH, or CE2 or WE is LOW, Dour goes to a 
same time. HIGH impedance state. 
A Write begins at the latest transition among CE; going LOW, 6. During a write cycle, OE = Vin or Vin. 
CE2 going HIGH and WE going LOW. 7. Dour is equal to the Input Data written during the same cycle. 
A Write ends at the earliest transition among CE) going HIGH, 8. Parameter is sampled and not 100% tested. 


CE2 going LOW and WE going HIGH. 
twp is measured from the beginning of Write to the end of Write. 
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Data Retention Characteristics 
Parameter Symbol Conditions 


CE1 >Vcc - 0.2 V 
Data Retention CE22Vcc - 0.2 Vor 
Power Supply Voltage CE2<0.2V 


VpR2 CE2 <0.2V 


Voc = 3.0 V 
CE1>Vcc-0.2V 
ICCDR1 
Data Retention CE2 > Vcc-0.2 V or 
Current CE2<0.2V 


Vcc = 3.0 V, 


ICCDR2 GE, < 0.2 V 


Chip Enable Setup Time tcprR 


Chip Enable Hold Time tro!” 


Note: 1. trc= Read Cycle Time 


Data Retention Waveform 1 (CE 1 Control) 


DATA RETENTION MODE t 


Data Retention Waveform 2 (CE 2 Control) 
DATA RETENTION MODE 
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Ordering Information 


rs 
Ordering Code Package Operation Range 
100 35 AT3864L-10PC 28P6 Commercial 
AT3864L-10RC 28R (0° to 70°C) 


2-2 10PI | | Industrial 
2-2 10RI | | (-40° to 85°C) 


120 35 AT3864L-12PC 28P6 Commercial 
AT3864L-12RC 28R (0° to 70°C) 
AT3864L-12PI 28P6 Industrial 
AT3864L-12RI 28R (-40° to 85°C) 

150 35 AT3864L-15PC 28P6 Commercial 
AT3864L-15RC 28R (0° to 70°C) 
AT3864L-15PI 28P6 Industrial 
AT3864L-15RI 28R (-40° to 85°C) 


Package Type 


28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 
| 28R =| 28 Lead, 0.330" Wide Plastic Gull Wing Small Outline (SOIC) 
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Features 


e Fast Read Access Time - 150 ns 
e Low Power 
40 mA Maximum (Active) 
1 mA Maximum (Standby) 
2-V Data Retention 
Fully Static: No Clock Required —_ 
Three Control Inputs (CE1, CE2, and OE) 
TTL Compatible Inputs and Outputs 
5 V+ 10% Supply 
28-Lead Dual In-line 
JEDEC Pinout 
Full Military Temperature Range 


Block Diagram 

A5 

A6 

- ADDRESS ROW 

es BUFFER [KC >DECODERK”> 
Ai0 

Ait 

Ai2 


ADDRESS COLUMN 
A3 BUFFER ; DECODER a 
A4 
CE, “- 
a ee VO BUFFER 
ns ee 


OE a 


Description 


The AT3864L-15DMB is a high performance CMOS static Random Access Memory. Its 64K 
of memory is organized as 8192 words by 8 bits. Manufactured with an advanced CMOS 
technology, the AT3864L-15DMB offers access times down to 150 ns with power dissipation 
of 220 mW maximum. When the AT3864L-15DMB is deselected, the standby current is just 
1 mA. In addition, the AT3864L-15DMB offers a data retention capability of only 800 u.W 


power dissipation when operated on a 2 V power supply. 
continued on next page 


Pin Configurations 


Pin Name Function 


| OE | Outputenabie 


1 
2 
3 
4 
5 
6 
7 
8 


64K (8K x 8) 
CMOS 
SRAM 
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Description (Continued) 


The AT3864L-15DMB powers down to the standby mode when 
deselected (CE) is HIGH or CE2 is LOW). The I/O pins remain 
in the high impedance state unless the chip is selected (CE: is 
LOW and CE? is HIGH), the outputs are enabled (OE is LOW), 
and Write Enable is not active (WE is HIGH). 


Absolute Maximum Ratings* 


-55° C to 150° C 
-65° C to 150° C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 


All Output Voltages 
with Respect to Ground 


Maximum Supply Voltage 


Device Operation 


READ: When CE is LOW, CE2 is HIGH, OE is LOW, and 
WE is HIGH, the eight bits of data stored at the memory loca- 
tion determined by the address input (pins Ao through Aj2) are 
inserted on the data outputs (pins I/O; through I/Os). 


WRITE: When CE is LOW, CE2 is HIGH, and WE is LOW, 
the eight bits of data placed on the input pins (I/O; through I/Os) 


Operating Modes 
MODE\PIN 
Read 
Write 


Standby: 
Standby2 


Output Disable 
Note: 1. X canbe L (Low) or H (High) 


D.C. and A.C. Operating Range 


Operating Temperature (Case) Military -55°C - 125°C 
Vcc Power Supply 5V+10% 


The AT3864L-15DMB is completely TTL compatible and re- 
quires a single 5-V power supply. The device is fully static and 
does not need any clocks or refresh control signals for operation. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


are stored at the memory location determined by the address 
input (pins Ao through A12). 

DATA RETENTION: When the chip is in standby mode, Vcc 
can be reduced to as low as two volts without impacting data 


integrity. Power dissipation will be reduced to 800 wW maxi- 
mum. 


AT3864L-15 
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AT3864L-15DMB 


D.C. and Operating Characteristics 
Symbol Parameter Conditions 


tet | Input Load Current Vin = 0 to Vcc 


CE1 = 2.2 Vto Vcc + 0.3 Vor 
CE2 = -0.3 V to 0.8 V or 

pk a aaa OE = 2.2 V to Vcc + 0.3 V or 
WE = -0.3 V to 0.8 V 
Vivo = 0 to Vcc 


CE2<0.2 Vor 
Standby Current CE1>Vcc - 0.2 V, 
(CMOS) CE2>Vcc - 0.2 VorCE2<0.2V 
Vin = 0 to Voc 
CE2 = -0.3 V to 0.8 Vor 
A Current CE} = 2.2 Vto Voc +0.3 V, 
Vin = 0 to Voc 


eo Vcc Active Current CE1 = -0.3 V to 0. 8V, 
vu | 
Vin 
[Vou _| 
Vou 


CE2 = 2.2 V to Vcc + 0.3 V, 
a louT = 0 mA, min cycle 


Input Low Voltage 
Input High Voltage 
Output Low Voltage lol = 2.0 mA 


Iu 
ILO 
isc 
VIL 
VIH 
VoL 
VOH 


Output High Voltage loH = -1.0mMA 


Pin Capacitance (f= 1 MHz, T = 25°C) 


Symbol Parameter Conditions Min Typ M Units 
6 
6 


ax 
Input/Output Capacitance Vout = 0 V 10 pF 
Input Capacitance Vin=OV 10 pF 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Input Test Waveforms and Measurement Levels 


2.4V 

AC AC 
DRIVING 1.5V MEASUREMENT 
LEVELS weal LEVEL (1) (2) 


Notes: 1. Input rise and fall time 5 ns. 
2. Output load: 1TTL gate + 100 pF. 
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A.C. Characteristics for Read 


AT3864L-15 7 


ReadcycleTime tts 
tucc__|address AccessTime | 8s 
WWErtcee |CENCE2Accesstime | 8s 
toe |OEAccessTime 
ton |Output Hor Time 
corse |CE1,CE2OutputEnableTime | 
toor | pS 

2 |e, a 
Co 


OE Output Enable Time 


CE1, CE2 Output Disable Time 


ns 
ns 
Hi ne. | 
ns 
toon OE Output Disable Time | ons | 


A.C. Characteristics for Write 


AT3864L-15 
Parameter 
two 
us 


we |WitePuse wath 
twa Write Recovery Time | 

tos [DataSetupTime 
ton |DataHoldTime 


WE Output Enable Time 
WE Output Disable Time 


twc 

tas 

twR 

1,2 

tDH 

tonne |CE1,CE2DataHoldTime 
wor 

jtwoo 
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AT3864L-15DMB 
A.C. Waveforms for Read Cycle“ 
t RC 
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ton (8) 


a YLLILA te AXA 
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A.C. Waveforms for Write Cycle 1 (WE Write) © 


t we 


pooness 
twe ton 


, WL ae SRSA 
cE, Ee |" 
DouT® SSSI pk lm 6,05 


CX 


bos t DH 


AIMEL 


A.C. Waveforms for Write Cycle 2 (WE Write) 


t we 


twas 


a a 


so tows (4) 
cE, NA” 


t COE1,2 


CND 
D OUT (5) CPO 


tos tont2 


Notes: 

1. During a Read Cycle, WE should be HIGH. 4. tcw is measured from the later of CE; going LOW or CE2 

2. During this period, I/O pins are inthe output state. going HIGH to the end of Write. —__ 

3. A Write occurs when CE; is LOW, CE2 is HIGH, and WE is 5. If OE or CE; is HIGH, or CE2 or WE is LOW, Dout goes to a 
LOW. HIGH impedance state. _ 


A Write begins at the latest transition among CE) going LOW, . During a write cycle, OE = Vin or Vi. 

CE2 going HIGH and WE going LOW. . Dout is equal to the Input Data written during the same cycle. 
A Write ends at the earliest transition among CE; going HIGH, 8. Parameter is sampled and not 100% tested. 

CE2 going LOW and WE going HIGH. 

twp is measured from the beginning of Write to the end of Write. 


aN 
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Data Retention Characteristics 
Parameter Symbol Conditions 


CE1 >Vcc - 0.2 V 
Data Retention CE2 2 Vcc - 0.2 Vor 
Power Supply Voltage CE2<0.2V 


VpR2 CE2 <0.2V 


Vec = 3.0 V 


CE1>Vcc- 0.2 V 
ICCDR1 
Data Retention CE2 > Vcc-0.2 V or 
Current CE2<0.2V 


Vcc = 3.0 V, 


ICCOR2 = GE, <0.2V 


Chip Enable Setup Time tcpr 


Chip Enable Hold Time tro" 


Note: 1. trc = Read Cycle Time 


Data Retention Waveform 1 (CE 1 Control) 


DATA RETENTION MODE 


Data Retention Waveform 2 (CE 2 Control) 
DATA RETENTION MODE 
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Ordering Information 


ag eae Ordering Code Package Operation Range 

ns) 9 

150 40 1.0 AT3864L-15DMB 28D6 Military 
(-55° to 125°C) 


Package Type 
28D6 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
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Features 


e Fast Read Access Time - 20 ns 
e Low Power 
100 mA Maximum (Active) 
0.1 mA Maximum (Standby) 
Fully Static: No Clock Required 
Two Control Inputs (CE and OE) 
TTL Compatible Inputs and Outputs 
5V+ 10% Supply 
28-Lead Dual In-line and Surface Mount Packages 


256K (32K x 8) 


JEDEC Pinout CMOS 
SRAM 


Commercial and Industrial Temperature Ranges 


Block Diagram 


A3 
A4 
a ADDRESS ROW MEMORY 
A7 BUFFER. [C— SDECODERC— > ARRAY 
Ai2 256 x 1024 
Ai3 
A14 
Ao 
Aj 
A2 
Ag ADDRESS COLUMN 
Ag BUFFER ' DECODER ; 
A10 
A11 
ee a reas 
OE 4) 
Whi ovadua'en 2 VOg 
Description 


The AT38H256 is a high performance CMOS static Random Access Memory. Its 256K of 
memory is organized as 32768 words by eight bits. Manufactured with an advanced CMOS 
technology, the AT38H256 offers access times down to 20 ns. When the AT38H256 is 
deselected, the standby current is just 0.1 mA. 

The AT38H256 powers down to the standby mode when deselected (CE is HIGH). The I/O 
pins remain in the high impedance state unless the chip is selected (CE is LOW), the outputs 
are enabled (OE is LOW), and Write Enable is not active (WE is HIGH). 

The AT38H256 is completely TTL compatible and requires a single five-volt power supply. 
The device is fully static and does not need any clocks or refresh control. signals for operation. 


Pin Configurations 
For .300 DIP/.600 DIP/.300 SOJ 


Pin Name Function 


| OE | Outputenable 


OWN OO WF WNH = 
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Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 

All Input Voltages the operational sections of this specification is not implied. 

(including NC Pins) Exposure to absolute maximum rating conditions for extended 


with Respect to Ground periods may affect device reliability. 


All Output Voltages NOE ss 
with Respect to Ground 1. Minimum input voltages are -3.5 V for pulse width less 


than 20 ns. 


Temperature Under Bias -55° C to 125° C 
Storage Temperature -65° C to 150° C 


Maximum Supply Voltage 


Device Operation 


READ: When CE is LOW, OE is LOW, and WE is HIGH, the WRITE: When CE is LOW and WE is LOW, the eight bits of 
eight bits of data stored at the memory location determined by data placed on the input pins (I/O; through I/Os) are stored at 
the address input (pins Ao through A114) are inserted on the data the memory location determined by the address input (pins Ao 
outputs (pins I/O; through I/Os). through Aj4). 


Operating Modes 


MODE\PIN CE OE WE Ne) 
Read L L H DoutT 
Write L x") L DIN 


Standby (Not Selected) H X X High Z 
Output Disable (High Impedance) Xx H X High Z 


Note: 1. X canbe L (Low) or H (High) 


D.C. and A.C. Operating Range 


AT38H256 

Operating Commercial 0°C - 70°C 
Temperature (Ambient) Industrial -40°C - 85°C 

Vcc Power Supply 5V+10% 
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AT38H256 


D.C. and Operating Characteristics 


Symbol Parameter Conditions 
Iu Input Load Current Vin = 0 to Vcc 


CE =2.2 Vto Vcc +0.3 Vor 
Output Leakage OE = 2.2 Vto Vcc + 0.3 V or 
Current WE = -0.3 V to 0.8 V 

Vivo = 0 to Vcc 


Standby Current CE > Vcc - 0.2 V, 
(CMOS) Vin=(Vcc-0.2V)ors0.2V jag 


Standby Current CE = 2.2 Vto Vcc +0.3 V, 
(TTL) Vin = ViL or ViH 


i Vcc Active Current CE =-0.3Vto 0.8 V, 
(TTL) lout = 0 mA, min cycle 
Input Low Voltage 
Input High Voltage 


Output Low Voltage lol = 8.0 mA 


Output High Voltage IOH = -4.0 MA 


Note: 1. These are voltages with repect to device GND. 
2. Vir = -3.0 V for pulse width less than 20 ns. 


Pin Capacitance (f= 1 MHz, T = 25°C) ”” 
Symbol Parameter Conditions 


Input/Output Capacitance Vout =0V 
CIN Input Capacitance ViN=0OV 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Output Test Load 


Figure 1 
7” a (2) 
Condition 1 Condition 2 Item Condition 
5V 5V 
Input pulse "High" level ViH =3.0 V 
aso 0 ion Input pulse "Low" level 
ie) Ve) 


1) ) 
Q 
alll ie eel a 
See Figure 1 


Notes: 1. Capacitance Load includes scope and jig capacitances. 
2. For tcok, took, tcop, toon, twoe, twon. 
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A.C. Characteristics for Read 


AT38H256-20 AT38H256-25 AT38H256-35 
Parameter pvin Max | Min Moe | Min Nae 


ime [ReadGyoetme «Ss 
ace [Adsress accessing [|e 
is |SEnccesstime «| eos | 
ae [SE Acstne «(| te Pe 
ton [Oupattedtine fs ede 
teoe [SE ouputraveTme | 8 «| sd 
tooe” [OE Oupuenabetine [0 *(| o —*dY 

icon" [SE Oupet Dsabe Tine || tO ne 
icon [OE Out oabetine | ws =| 16 | ns 


A.C. Characteristics for Write 


AT38H256-20 AT38H256-25 AT38H256-35 
Parameter a eee 


Iwo [wae Gyoe tine as 
a a A SG 
Co a ee a a 
ad a 
hin [wa feconnyTine | 8 

is lomataptas ae 
tov |omatodtine [0 

‘woe [WE OutputEnableTime | 0 
WE Output Disable Time PB 


Note: 1. Transition is measured by +500 mV from the normal state with the output test load circuit, condition 2. 
This parameter is sampled and is not 100% tested. 
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A.C. Waveforms for Read Cycle“’ 


tac 


[| 


F Oa Kr MLLLLLLIS LILLE 


SMW YEE 
top | 
Pour’ Rc RE ee 


a 


ZN 


A.C. Waveforms for Write Cycle 1 (WE Write) © 


WC 


ee. 
ADDRESS 
We SN 


ton 


= 


FXO OAR DLMMLILILIZIZIILL2 
— twoo =—— 
Doyo SSK KS 


tos tx 
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A.C. Waveforms for Write Cycle 2 (WE Write) © 


twe 


SA 


t COE 


tos toy 


2 i 
DIN : Konno KO 


Notes: 

1. During a Read Cycle, WE should be HIGH. 4. tcw is measured from the later of CE going LOW or going 

2. During this period, I/O pins are in the output state. HIGH to the end of Write. _ 

3. A Write occurs when CE and WE are LOW at the same time. 5. If CE or OE is HIGH, or WE is LOW, Dour goes to a high im- 
A Write begins at the latest transition among CE going LOW, pedance state. 
and WE going LOW. 6. During a write cycle, OE = Vin or Vin. 
A Write ends at the earliest transition among CE going HIGH, 7. Dour is equal to the Input Data written during the same cycle. 
and WE going HIGH. 


twp is measured from the beginning of Write to the end of Write. 
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Ordering Information 


taco | tcc(ma) 
ne lec (MA) Ordering Code Package Operation Range 
Standby 
AT38H256-20NC 28P3 Commercial 
AT38H256-20XC 2882 (0° to 70°C) 


aa 20NI i=. Industrial 
aa 20XI i=. (-40° to 85°C) 


AT38H256-25NC 28P3 Commercial 
AT38H256-25XC 28S2 (0° to 70°C) 
AT38H256-25NI 28P3 Industrial 
AT38H256-25XI 28S2 (-40° to 85°C) 
AT38H256-35NC 28P3 Commercial 
AT38H256-35XC 28S2 (0° to 70°C) 
; AT38H256-35NI 28P3 Industrial 
AT38H256-35xXI 28S2 (-40° to 85°C) 


Package Type 


28 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


28 Lead, 0.300" Wide, Plastic J-Leaded Small Outline (SOW) 
AIMEL 6-25 
Le 


AIMEL 
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Features 


e Low Power 
25 mA Maximum (Active) 
30 LA Maximum (Standby) 
3.3 V+ 10% Supply 
Fully Static: No Clock Required 
Two Control Inputs (CE and OE) 
TTL Compatible Inputs and Outputs 
28-Pin SOIC Surface Mount Packages 
JEDEC Pinout 


Low. Volta 


Block Diagram 


A4 
ADDRESS ROW MEMORY 
pe BUFFER [-pECODERE> ARRAY 
At2 256 x 1024 
Ai3 
A14 
Ao 
Aj 
A2 
ka ADDRESS _— 
AS BUFFER FT IDECODER 
Aio 
Ait 

es = as 

we ae 


OS static Random Access Memory. Its 256K of 
y eight bits. Manufactured with an advanced CMOS 


the standby mode when deselected (CE is HIGH). The I/O 


, al Write Enable is not active (WE is HIGH). 
completely TTL compatible and requires a single 3.3-volt power supply. 


| CE | ChipEnabie 
| OE | OutputEnable 
| We | _WriteEnable 


CE 
WE 
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Absolute Maximum Ratings* 


-55° C to 125° C 
-65° C to 150° C 


Temperature Under Bias 
Storage Temperature 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


All Output Voltages Nee . 
with Respect to Ground 1. Minimum input voltages are -3.5 V for pulse width less 


than 20 ns. 


Maximum Supply Voltage 


Device Operation 


READ: When CE is LOW, OE is LOW, and WE is HIGH, the WRITE: When CE is LOW and WE is LOW, the eight bits of 
eight bits of data stored at the memory location determined by data placed on the input pins (I/O; through I/Os) are stored at 
the address input (pins Ao through A14) are inserted on the data the memory location determined by the address input (pins Ao 
outputs (pins I/O; through I/Os). through A14). 


Operating Modes 


MODE\PIN CE OE WE vO 
Read L. Li H DouT 
Standby (Not Selected) H X High Z 


X 
Output Disable (High Impedance) X H X High Z 


Note: 1. X can be L (Low) or H (High) 


D.C. and A.C. Operating Range 


AT38LV256 
Operating Temperature (Ambient) Commercial 0°C - 70°C 
Vcc Power Supply 3.3V+10% 
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D.C. and Operating Characteristics 
Symbol Parameter Conditions 


Input Load Current Vin = 0 to Voc 


CE = 2.2 Vto Vcc +0.3 Vor 
Output Leakage OE = 2.2 V to Vcc + 0.3 V or 
Current WE = -0.3 V to 0.8 V 

Vivo = 0 to Vcc 


lu 


Standby Current CE > Vcc - 0.2 V, 
(CMOS) Vin = (Vcc - 0.2 V) or < 0.2 V 


Standby Current CE = 2.2 Vto Vcc +0.3 V, 
(TTL) Vin = Vit or ViH 


ies Vcc Active Current CE =-0.3Vto05V, 
(TTL) louT = 0 mA, min cycle 


Vir | Input Low Voltage -0.3() 
Vin (1) 
VOL Output Low Voltage lo. = 1.0 mA 


VOH Output High Voltage IOH = -0.5 mA 2.4 


Note: 1. These are voltages with repect to device GND. 
2. Vit = -3.0 V for pulse width less than 20 ns. 


Pin Capacitance (f= 1 MHz, T= 25°C)” 
Symbol Parameter Conditions 


Input/Output Capacitance Vout =0V 
CIN Input Capacitance VIN=OV 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Output Test Load 
Figure 1 
Condition 1 eonakone 
3.3 V 3.3 V 


Input pulse "High" level Vit = 3.0 V 
Input pulse "Low" level 
100 P 2.81kQ 5 CY 2.81 kQ 

P a : P 1 Input and output reference level 


2.54kQ 2.54 k<Q 


Notes: 1. Capacitance Load includes scope and jig capacitances. 
2. For tcog, took, tcop, toon, twoe, twop. 
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A.C. Characteristics for Read 
ie Cae we a 
Parameter pin | in 
tro [ReadCycleTime = | 77 Tt ts 
taco [Address AccessTime = | 77 | 120s 
toe [CE Accesstime = | | Qt 
toe [OE Accesstime = | OS ts 
ton [OutputHoldTime | to | tts 
toe |CEOutputEnableTime || 10 | ts 
too [OE Ouputenadetime | 5 S| Sd 


tcop‘ |CE Output Disable Time 


OE Output Disable Time 


A.C. Characteristics for Write 


AT38LV256-70 AT38LV 256-12 
Parameter pin Maxine 


we [WiieQysetime iS SSCSC~idCi 
lus [adress Seuptime =| oie 
we [WitePuse wan | as Sidi 
tow [CEseuptme =| Site 
wa [WateRecveytime [sid Ss 
fos [Daasswptime | 0) 
woe [WE oupucratotine [10 SOSOSC~sdSCtSSd 
woo [WE OuputdsabeTime [SiC 


Note: 1. Transition is measured by +500 mV from the normal state with the output test load circuit, condition 2. 
This parameter is sampled and is not 100% tested, 
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A.C. Waveforms for Read Cycle“ 


. 
=e Or is 


tooo 1 
OOO MMMX&&Z”“&X£LIULZ«E_” 
on 


Pours Se ER so 


QO 
m 


cl 


A.C. Waveforms for Write Cycle 1 (WE Write) 


twe 


tas t wp twr a 
__ 
= WAAR / 
CE RRA TMX Q“LIULI@_t 
Doyr SOSA KR o808 
DS DH 
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A.C. Waveforms for Write Cycle 2 (WE Write) © 


twe 


| 


t COE 
GaN 
Dout ® QPP 


tos DH 


2 2 
PIN : Konume Ko 


Notes: 

1. During a Read Cycle, WE should be HIGH. 4. tcw is measured from the later of CE going LOW or going 

2. During this period, I/O pins are in the output state. HIGH to the end of Write. _ 

3. A Write occurs when CE and WE are LOW at the same time. 5. If CE or OE is HIGH, or WE is LOW, Dout goes to a high im- 
A Write begins at the latest transition among CE going LOW, pedance state. 
and WE going LOW. 6. During a write cycle, OE = Vip or Viz. 
A Write ends at the earliest transition among CE going HIGH, 7. Dour is equal to the Input Data written during the same cycle. 
and WE going HIGH. 


twp is measured from the-beginning of Write to the end of Write. 
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Ordering Information 


mee Ordering Code Package Operation R 

(ns) : sides 
(0° to 70°C) 
(0° to 70°C) 


Package Type 
| 28R ~—s|_- 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline (SOIC) 


‘AMET oa 
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Product Information 


Quality and Reliability 
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Features 
e 20-pin Universal EPLD 
e Virtually Zero Standby Power 
e Functional Replacement for Common 20-Pin Programmable Devices 
lol = 24mA 
e High Performance CMOS EPROM Cell Technology 
Erasable 
Reconfigurable 
100% Testable 
25 ns and 35 ns Max Propagation Delay (Commercial) Zero-Standby 
30 ns and 40 ns Max Propagation Delay (industrial) Power 
Up to 18 Inputs and 8 Input/Output Macrocells 
Programmable Output Polarity 
Power-Up Reset on all Registers 
Register Preload Capability 
Synchronous Preset/Asynchronous Reset 
Security Fuse to Protect Duplication of Proprietary Designs 
Design Support Provided using many Popular Software Development 
Packages for PLDs 
e Available in 300-mil-wide DIP with Quartz Window, Plastic DIP (OTP), or 
PLCC (OTP) 
e Second Source to Signetic’s PLC18V8Z/I 


20-Pin EPLD 


Description 

The AT18V8Z is a universal EPLD featuring high performance and virtually zero-standby 
power for power-sensitive applications. It is a reliable, user-configurable substitute for dis- 
crete TTL/CMOS logic. While compatible with TTL and HCT logic, the AT18V8Z can also 
replace HC logic over the Vcc range of 4.5 to 5.5 V. 


The AT18V8Z is a two-level logic element comprised of ten inputs, 74 AND gates (product 
terms), and eight output Macrocells. 


Each output features an “Output Macrocell” which can be individually configured as a dedi- 
cated input, a combinatorial output, or a registered output with internal feedback. As a result, 
the AT18V8Z is capable of emulating all common 20-pin programmable logic devices to re- 
duce documentation, inventory, and manufacturing costs. 


A power-up reset function and a Register Preload function have been incorporated into the 
AT18V8Z architecture to facilitate state machine design and testing. 


With a standby current of less than 100 LA and active power consumption of 1.5 mA/MHz, 
the AT18V8Z is ideally suited for power-sensitive applications in battery-operated/backed 
portable instruments and computers. 


The AT18V8Z is also processed to industrial requirements for operation over an extended 
temperature range of -40°C to +85°C and supply voltage of 4.5 V to 5.5 V. 


Pin Configurations 


l#/CLK Clock and Logic Input 
Output Enable and 
f# | Logic Inputs 
Bidirectional Buffers 
Vcc 


IO/CLK Vcc 


10/CLK 
i 

12 

13 

14 

15 

16 

\7 

18 
GND 


SCO ONO A fWN — 


_— 


ae No Internal Connection 
/Voc___| +5 V Supply 
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Logic lara 
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Notes: 
In the unprogrammed or virgin state: 4. Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via 
1. All cells are in a conductive state. the configuration cell. The clock and OE functions are 
2. All AND gate locations are pulled to a logic “0” (Low). disabled. 
3. Output polarity is inverting. 5. All output macrocells (OMCs) are configured as bidirectional 


I/O, with the outputs disabled via the direction term. 


- Denotes a programmable cell location. 
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Absolute Maximum Ratings* Functional Diagram 


lo/ 
Operating Temperature sa 
(Commercial) 0°C to +75°C 


Operating Temperature 
(Industrial) -40°C to +85°C 


Storage Temperature -65°C to +150°C 


Supply Voltage -0.5 to +7 Voc 


Operating Supply Voltage ts 
CCOPITIGICIAN) ice viras nweaninin visa nonivavsa ena nien 4.75 to 5.25 Voc C 


Operating Supply Voltage 
CITGUISUTAN) s wespnsznxesansgsseysnets pceavexinsiaipecand 4.5 to 5.5 Voc 


a 


Input Voltages 
(including N.C. Pins) 
with Respect to Ground -0.5 V to Vec+0.5 Voc 


36 ROWS X 72 COLUMNS 


z 
em 
c 
< 
Qa 
z 
Ww 
—_ 
: 
< 
cx 
2 
a 


Output Voltages fT 
with Respect to Ground. ......... 0.5 V to Vec+0.5 Voc ‘ 


Input Currents -10 to +10 mA 
Output Currents 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions beyond those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


PAL Device to AT18V8Z Output Pin Configuration Cross Reference 


16L2 14L4 12L6 
Baud Ravel “ 16H2 1444 12H6 
16P2 14P4 12P6 


The Atmel state-of-the-art floating-gate CMOS EPROM process the customer. Additionally, this allows Atmel to extensively 
yields bipolar equivalent performance at less than one-quarter the stress test, as well as ensure the threshold voltage of each in- 
power consumption. The erasable nature of the EPROM process dividual EPROM cell. 100% programming yield is sub- 
enables Atmel to functionally test the devices prior to shipment to sequently guaranteed. 


PAL may be a registered trademark of AMD Corp. 
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Output Macrocell (OMC) 


FROM AND 
ARRAY 
4aTO ALL OMCs 


i | 
1 A Cue 
LL Cs OE 


Configuration Cell 

A single configuration cell controls the functions of Pins 1 and 
11. Refer to Functional Diagram. When the configuration cell is 
programmed, Pin | is a dedicated clock and Pin 11 is dedicated 
for output enable. When the configuration cell is un- 
programmed, Pins | and 11 are both dedicated inputs. Note that 
the output enable for all registered OMCs is common—from Pin 
11 only. Output enable control of the bidirectional I/O OMCs is 
provided from the AND array via the direction product term. 


If any one OMC is configured as registered, the configuration 
cell will be automatically configured (via the design software) 


Fixed Fixedinputmode mode 
Fixed output mode Programmed 


Note: 
1. This is the virgin state as shipped by the factory. 
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Control Cell Configurations 
Contig. Cell_ |Comments 
Registered Mo ralagtired Oc hom Pin oy 
Bidirectional I/O mode!) |Un Pins 1 and 11 are dedicated inputs. 
programmed | Unprogrammed | Unprogrammed 3-State control from AND array only. 


Unprogrammed Unprogrammed |Pins 1 and 11 are dedicated inputs. 


Unprogrammed | Unprogrammed 


The Output Macrocell (OMC) 


The AT18V8Z series devices have eight individually program- 
mable Output Macrocells. The 72 AND inputs (or product 
terms) from the programmable AND array are connected to the 
eight OMCs in groups of nine. Eight of the AND terms are dedi- 
cated to logic functions; the ninth is for asynchronous direction 
control, which enables/disables the respective bidirectional I/O 
pin. Two product terms are dedicated for the Synchronous 
Preset and Asynchronous Reset functions. 


Each OMC can be independently programmed via 16 architec- 
ture control bits, ACIn and AC2p (one pair per macrocell). 
Similarly, each OMC has a programmable output polarity con- 
trol bit (Xn). By configuring the pair of architecture control bits 
according to the configuration cell table, four different con- 
figurations may be implemented. Note that the configuration 
cell is automatically programmed based on the OMC configura- 
tion. 


Design Security 


The ATI8V8Z series devices have a programmable security 
fuse that controls the access to the data programmed in the device. 


to ensure that the clock and output enable functions are enabled 
on Pins 1 and 11, respectively. If none of the OMCs are registered, 
the configuration cell will be programmed such that Pins 1 and 
11 are dedicated inputs. The programming codes are as follows: 


Pin 1 = CLK, Pin 11 = OE 
Pin 1 and Pin 11 = Input 


Pins 1 and 11 are dedicated inputs. The 
feedback path (via Fuux) is disabled. 


Architecture Control: AC1 and AC2 


F(D), F (D) 


OMC Configuration 


Registered (D-type) De 


) >—_>-—roo. F © 


OMC Configuration 


Fixed Output Zs 


OMC Configuration 


Pin 1 =CLK L 
Pin 11 =OE 


Notes: 


AT18V8Z 


DIR 


F(B), F (B) 


OMC Configuration 


Bidirectional /O"”) 
(Combinatorial) 


OMC Configuration 


Fixed Input as 


NC—? CLK Q 
SP 

ARS __ 

Nc—| OE 


OMC Configuration 


Pin 1 = Input +4(6) 
Pin 11 = Input 


A factory shipped unprogrammed device is configured such that: 5. All Output Macrocells (OMCs) are configured as bidirectional 
1. This is the initial unprogrammed state. All cells are in a conduc- I/O, with the outputs disabled via the direction term. 
tive state. 6. This configuration cannot be used if any OMCs are configured 
2. All AND gates are pulled to a logic “O” (Low). as registered (Code = D). The configuration cell will be auto- 
. Output polarity is inverting. matically configured to ensure that the clock and output 
4. Pins 1 and 11 are configured as inputs 0 and 9. The clock and enable functions are enabled on Pins 1 and 11, respectively, if 
OE functions are disabled. any one OMC is programmed as registered. 
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D.C. Characteristics 
Tac = 0°C to +75°C, Vcc = 4.75 V to 5.25 V; Tal = -40°C to 85°C, Vcc = 4.5 V to 5.25 V; R2=390 Q 


Symbol Parameter Condition Max 
Input Low Voltage Vcc = Min -0.3 0.8 V 

vor ®) 

D) ; Voc = Min, loH = -3.2 mA 

Vou © | Output High Voltage Voc = Min, loH = -20 pA Voo-0.1 V 
Input Low Current Vin = GND 

lin {7) Input High Current Vin = Voc 

Vout = Vcc 
lo(oFF) | Hi-Z State Output Current Vour = GND 
los) | Short Circuit Output Current Vout = GND 
Voc Standby Supply Current ee Tor ent (8) 

Ico 4) | Vcc Active Supply Current (cn Be pdt (5,6) 
+ Input Capacitance Voc = 5V, ViIN=2.0 V 
I/O Capacitance VeB=2.0V 
Notes: 

1. All typical values are at Vcc =5 V, Ta = +25°C. 5. Alcc/TLL input = 2 mA. 
2. All voltage values are with respect to network ground terminal. 6. Alcc vs. frequency (registered configuration) = 2 mA/MHz. 
3. Duration of short-circuit should not exceed one second. Test one 7. Ip for Pin 1 (Io/CLK) ist 10 pA with Vin = 0.4 V. 

at a time. 8. Vin includes CLK and OE if applicable. 


4. Tested with TLL input levels: Vi_ = 0.45 V, Vin = 2.4 V. 
Measured with all outputs switching. 


A.C. Test Conditions Voltage Waveforms 
Input Pulses 


Voc ° +5V S; 


OV 


ik ns ta te 5 i 


net _I. ns 


Notes: Note: All circuit delays are measured at the +1.5 V 
C; and C2 are to bypass Vcc to GND. level of inputs and outputs, unless otherwise 
CL = 50 pF specified. 

R; = 200 Q 

R2 = 390 Q 
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A.C. Read Characteristics 
Tac = 0°C to +75°C, Vcc = 4.75 V to 5.25 V: Tai = -40°C to 85°C, Voc = 4.5 V to 5.25 V: Ro = 390 Q 
-25 -30 -35 (Comm.) -35 (ind.) 


a Parameter To [ne Hoax] cr Ha 


Min Max | Min Max | 
oo Satie ae om je le fe |e |» 
15 [20 | 2 |2 | ms | 
20 |2 °4|s | 


AT18V8Z 


Clock Width High CLK+ —_ CLK- 
Clock Width Low CLK- — CLK+ 


comer ee ee [@ [f= le | m 
Input or Feedback Data 


Input of Feedback Data 
ts Setup Time It, Ft = CLK+ 


Delay from Input to 
Active Output 


Clock High to Output 
Valid Access Time aie be 8 
Product Term Enable to 
Pin 11 Output Disable to 


It, Ft 9 Ft 


+ 
Pin 11 Output Disable ; 
High to Outputs Off OE = 

4 


Pin 11 Output Enable to 
Active Output OFt ia 


— on aan Reset It, Ft Fy a0| 
Asynchronous Reset 
Synchronous Preset 
[tepR _ | Power-Up Reset Voct F+ || 25 | 80 | 40 | 
Maximum Frequency I/(tiS + tCKO) | 30} 8 18 | 
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Power Up Reset 

In order to facilitate state machine design and testing, a power- 
up reset function has been incorporated in the AT18V8Z. All 
internal registers will reset to Active-Low (logical “0”) after a 
specified period of time (tppr). 

Therefore, any OMC that has been configured as a registered 
output will always produce an Active-High on the associated 


Switching Waveforms Timing Diagram 


INPUTS 
I/O, REGISTERED 
FEE 


output pin because of the inverted output buffer. The internal 
feedback (Q) of a registered OMC will also be set Low. The 
programmed polarity of OMC will not affect the Active-High 
output condition during a system power-up condition. 


ly, CT CT OOM 


DBACK 
tis ty tCKH toKL 
CLK 
tcKp 
PIN 11 OE 
tcxo OD toe2 
OUTPUTS 
ANY INPUT 


PROGRAMMED FOR 
DIRECTION CONTROL 


tep top1 toe1 
COMBINATORIAL 3-STATE 
UTPUTS 
Power Up Reset Timing Diagram 
+5V 
4.5V 
3.0V 
Vcc OV 
. i s(n Vou 
(OUTPUTS) WL, VA, Lp, NN 1.5V VoL 
waned tcKo 
, +3V 
wnPuts) LLL aaa 1.8V - 
ti tis 
tis tcKH teKL 


Note: 


Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled). 
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Asynchronous Reset Timing Diagram 


taRw 
RESET INPUT 
OUTPUT 
taRR 
CLOCK 
Synchronous Preset Timing Diagram 
tis tH tspR 


SYNCHRONOUS 
PRESET INPUT 


| 


REGISTERED 
OUTPUT 
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Register Preload Function (Diagnostic Mode Only) 


In order to facilitate the testing of state machine/controller 
designs, a diagnostic mode register preload feature has been in- 
corporated into the AT18V8Z series device. This feature 
enables the user to load the registers with predetermined states 
while a super voltage is applied to Pins 11 and 6 (Ig/OE and Is). 
(See diagram for timing and sequence). 


Register Preload (Diagnostic Mode) 


Fo.7 PRELOAD DATA IN 


1-4, 6-8 


en ae 
WML X 


To read the data out, Pins 11 and 6 must be returned to normal 
TLL levels. The outputs, Fo-7, must be enabled in order to read 
data out. The Q outputs of the registers will reflect data in as 
input via Fo-7 during preload. Subsequently, the register Q out- 
put via the feedback path will reflect the data in as input via Fo-7. 


Refer to the voltage waveform for timing and voltage refer- 
ences. tpL = 10 psec. 


OE (Vou) 


Ip/CLK 


DATA OUT Fo.7 


11-4, 6-8 
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Logic Programming 

The AT18V8Z series is fully supported by industry standard 
(JEDEC compatible) PLD CAD tools, including Signetics 
AMAZE, SLICE, and SNAP design software packages. 
ABEL™ and CUPL™ design packages also support the 
AT18V8Z architecture. 


All packages allow Boolean and state equation entry formats. 
SNAP, ABEL, and CUPL also accept, as input, schematic cap- 
ture format. 


AT18V8Z logic designs can also be generated using the pro- 
gram table entry format, which is detailed on the following 
pages. This program table entry format is supported by AMAZE 
and SLICE only. Both AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


Output Polarity (O, B) 


Code 


S 


“AND” Array (I, B) 


| State 
| Don'tGare | - | [Inactive | 0 


Note: 


With Logic programming, the AND/OR/Ex-OR gate input con- 
nections necessary to implement the desired logic function are 
coded directly from logic equations using the Program Table. 
Similarly, various OMC configurations are implemented by 
programming the Architecture Control bits AC1 and AC2. Note 
that the configuration cell is automatically programmed based 
on the OMC configuration. 


In this table, the logic state of variables I, P, and B associated 
with each Sum Term S is assigned a symbol which results in the 
proper fusing pattern of corresponding link pairs, defined as fol- 
lows: 


Code 
| Noninverting | oH 


1. A factory-shipped unprogrammed device is configured such that all cells are in a conductive state. 


ABEL and CUPL may be registered trademarks of others. 


he: 


MEL 
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Erasure Characteristics (For Quartz Window Packages Only) 


The erasure characteristics of the AT18V8Z Series devices are 
such that erasure begins to occur upon exposure to light with 
wavelengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluorescent 
lighting could erase a typical AT18V8Z in approximately three 
years, while it would take approximately one week to cause 
erasure when exposed to direct sunlight. If the AT18V8Z is to 
be exposed to these types of lighting conditions for extended 
periods of time, opaque labels should be placed over the win- 
dow to prevent unintentional erasure. 


Programing 
The AT18V8Z is programmable on conventional programmers 
for 20-pin PAL devices. 


Data I/O Corporation 
10525 Willows Road, N.E. 

P.O. Box 97046 

Redmond, Washington 98073-9746 
(800) 247-5700 


UNISITE 40/48 


MODEL 60 


Stag Microsystems, Inc. 
1600 Wyatt Drive, Suite 3 
Santa Clara, California 95054 


(408) 988-1118 TBA 


Programmer Manufacturer Programmer Model Family/Pinout Codes 


System 29B, LogicPak™ 
303A-011A; VO9 (DIL) 
303A-011B; VO4 (PLCC) 


V2.6 (DIL) 
Chipsite (PLCC)-V2.8 


360A001 (DIL) 
360A006 (PLCC) 


ZL30/30A Programmer 
Rev. 30A34 (DIL) 
30A001 Adaptor (PLCC) 

PPZ Programmer 


The recommended erasure procedure for the AT18V8Z is ex- 
posure to shortwave ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be a minimum of 15 
Wsec/cm?. The erasure time with this dosage is approximately 
30 to 35 minutes using an ultraviolet lamp with a 12,000 
uLW/cm~ power rating. The device should be placed within one 
inch of the lamp tubes during erasure. The maximum integrated 
dose a CMOS EPLD can be exposed to without damage is 7258 
Wsec/cm’. Exposure of these CMOS EPLDs to high intensity 
UV light for longer periods may cause permanent damage. 


Refer to the following charts for qualified manufacturers of 
programmers and software tools: 
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Software Manufacturer Development System 


Signetics Company 

811 East Arques Avenue 

P.O. Box 3409 

Sunnyvale, California 94088-3409 
(408) 991-2000 


Data I/O Corporation 

10525 Willows Road, N.E. 

P.O. Box 97046 

Redmond, Washington 98073-9746 
(800) 247-5700 


Logical Devices, Inc. 

1201 Northwest 65th Place 
Fort Lauderdale, Florida 33309 
(800) 331-7766 


SNAP 

Rev. 1.6 and later 
SLICE 

Rev. 1.0 and later 
AMAZE Software 

Rev. 1.8 and later 


ABEL™ Software 


CUPL™ Software 
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Snap Resource Summary Designations 


Ip/CLK 


36 ROWS X 72 COLUMNS 


PROGRAMMABLE AND ARRAY 


FROM AND 
ARRAY 
| 1 | 4 TO ALL OMCs 


DIRECTION CONTROL TERM 


t > 4 i 
i) st OUTPUT 
POLARITY 
CONTROL! 
| ACI —3 O eS ee ee ee ee ee 
an Gee ORIN 
' AC2,—: ~ @ i 
| oo | 
As 
eeeee eee Sa eee 
aes a : a 
fi ORNVE 
AL 
TO ALL OMCs 
[11] OE 
Note 
#8: Denotes a programmable cell location. 
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lcc vs. FREQUENCY (WORST CASE) AtPD vs. alld art ia ae LOADING 


= 
E 5 * 
on 
8 ~ 4 
: Epa 
0 A 
EV4nRREE 
: A 
_— ALi titty 
0 -2 
0 2 4 6 8 10 0 20 40 60 80 100 120 140 160 180 200 
f (MHz) Output Capacitance Loading (pF) 


7-16 DY EV Se qoseaasaesanassmaimmeemmansana ssa matey ie sescciseesaih mR ST scme me sare 


AT18V8Z 


Ordering Information 


tPD ts tco 


AT18V8Z-25DC 20DW3 Commercial 
AT18V8Z-25JC (0°C to 70°C) 
AT18V8Z-25PC 


AT18V8Z-30DI 
AT18V8Z-30JI 
AT18V8Z-30PI 


AT18V8Z-35DC 
AT18V8Z-35JC 
AT18V8Z-35PC 


AT18V8Z-40DI 
AT18V8Z-40JI 
AT18V8Z-40PI 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Package Type 


| 200W3 20 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


20 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
| 20P3 —s|_ 20 Lead, 0.300" Wide Plastic Dual Inline Package OTP (PDIP) 
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Features 


e High Speed Programmable Logic Device 
15 ns Max Propagation Delay 
5 V +10% Operation 

e Low Power CMOS Operation 


Icc(mA) ; 
e CMOS and TTL Compatible Inputs and Outputs H Ig h Speed 
10 pA Leakage Maximum 
e Reprogrammable - Tested 100% for Programmability UV Erasable 
e High Reliability CMOS Technology 


Programmable 


2000 V ESD Protection 

200 mA Latchup Immunity 2 . 
e Full Military, Commercial and Industrial Temperature Ranges Logic Device 
e Dual-In-Line and Surface Mount Packages 


Logic Diagram 
(OE Product Terms) 


= 


Programmable 


12 Interconnect ae i 
Input and ption Output ‘ 
Pins Combinatorial Option : 

Logic Array | 8to16 j (Up to 10 ins 


Product 
Terms 


Flip-Flops) 


Description 

The AT22V10 and AT22V10L are CMOS high performance Erasable Programmable Logic 
Devices (EPLDs). Speeds down to 15 ns and power dissipation as low as 12 mA are offered. 
All speed ranges are specified over the full 5 V +10% range. All pins offer a low +10 WA 
leakage. 

The AT22V10L provides the optimum low power CMOS EPLD solution, with low DC power 
(8 mA typical) and full CMOS output levels. The AT22V10L significantly reduces total sys- 
tem power and enhances system reliability. 

Full CMOS output levels help reduce power in many other system components. 


The AT22V10 and AT22V10L incorporate a variable product term architecture. Each output 
is allocated from eight to 16 product terms, which allows highly complex logic functions to be 
realized. 


Two additional product terms are included to provide synchronous preset and asynchronous 
reset. These terms are common to all 10 registers. All registers are automatically cleared upon 
power up. 


Register Preload simplifies testing. A Security Fuse prevents unauthorized copying of pro- 
grammed fuse patterns. 


Pin Configurations 


IN| Logicinputs 
[|__| NoInternal Connection _| 


CLKIN VCC I/O 


Vec 
2) 
ie) 
ie) 
ie) 
ie) 
ie) 
V0 
ie) 
ie) 


/O 
IN IN : 0 


IN GND IN W/O 


AIMEL = 


ie) 
Ae) 
VO 


1/0 
VO 
VO 


1 
2 
3 
4 
5 
6 
7 
8 


Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
Py Oo This is a stress rating only and functional operation of the de- 
Storage Temperature “65°C to +150°C vice at these or any other conditions beyond those indicated in 
Voltage on Any Pin with the operational sections of this specification is not implied. 
Respect to Ground -2.0V to +7.0 yt) Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Temperature Under Bias -55°C to +125°C 


Voltage on Input Pins 
with Respect to Ground 
During Programming -2.0 V to +14.0 Vv") 


Note: 
1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 


Programming Voltage with is Vcc+0.75 V de which may overshoot to +7.0 V for pulses 


Respect to Ground -2.0V to +14.0 Vv") of less than 20 ns. 
Integrated UV Erase Dose 7258 W-sec/cm* 
Logic Options 
: Ie To 
: Output Output 
From 
=, Output 
Output Options 
» OE 
From 
Logic Me) 
Option 


D.C. and A.C. Operating Conditions 


Commercial AT22V10/L Industrial AT22V10/L Military AT22V10/L 
-15, -20, -25, -35 -15, -20, -25, -35 -15, -20, -25, -30 
Operating Temperature (Case) 0°C - 70°C -40°C - 85°C -55°C - 125°C 
Vcc Power Supply 5V+10% 5V+10% 5 V+ 10% 


Operating Modes 


24-Pin DIP Voc(24) 
28-Pin JLCC Vcc(28) 
"EPLD" 5V 


Program 6V 
PGM Verify 6V 
PGM Inhibit 

Preload 5V 


Notes: 1. X can be Vy or Voi. 2. Vy = 11.0 V to 14.0 V 
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D.C. Characteristics 
Symbol Parameter 


Iu Input Load Current 


Ilo | Output Leakage Current VouT = 


Power Supply Current 


Condition 
Vin = -0.1 V to Voc+1 V 
-0.1 V to Vcc+0.1 V 


AT22V10-15,-20 
Vcc = MAX, 
Vin = GND, 


AT22V10-25,-35) 
Outputs Open 


AT22V10/L 


Max Units 


1 


Min Typ 


0 LA 
0 LA 
0 mA 


1 
Com. 9 
Ind., Mil. 


Com. 


AT22V10L) 
Ind., Mil. 


Com. 
Ind., Mil. 


Clocked Power Supply 
Current 


Output Short Circuit 
Current 


Input Low Voltage 
Input High Voltage 


f = 1 MHz, Vcc = MAX 


:' (2) 
Outputs Open AT22V10L 


Iu 
ILO 


-0.6 
2.0 


0.8 V 
Vcoc+0.75 V 
loL = 16 mA 
lo. =12mA 
loL = 24 mA 


IOH = -100 pA 


lOH = -4.0 MA 
2. See Icc vs. Frequency curves in the back of this data sheet. 


Com.,|Ind. 
Mil. 
Com. 


VIN = VIH or VIL, 


Output Low Voltage Voc = MIN 


ViIN=VIH Or VIL, 


Output High Voltage Voc=MIN 


Notes: 1. Not more than one output at a time should be shorted. 


Duration of short circuit test should not exceed 30 sec. 


A.C. Characteristics, Commercial and Industrial 


eymoilperameter 
Input or Feedback to 
Non-Registered Output 

tea Input to Output Enable 


Input to Output Disable 
Clock to Feedback 


Hold Time 


| tw | Clock Width 

Internal Feedback 

1/(ts + tcF 

No Feedback 1/(tp) 
Asynchronous Reset Width 


Asynchronous Reset, 
Synchronous Preset, 
Recovery Time 


Asynchronous Reset to 
Registered Output Reset 


{cr 
tco 
tH 
External Feedback 1/(ts+tco) 
FMAX 


A.C. Waveforms” 


INPUTS, VO 
REG. FEEDBACK 
SYNCH. PB 


CP 
ASYNCH. RESET aa 


tER 


REGISTERED YY OUTPUT OUTPUT XX HIGH Z tna 
OUTPUTS VALID VALID a \ \ \VALID 


tPD tER 


COMBINATORIAL 
OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics, Military 


AT22V10-15 | AT22V10/L-20 | AT22V10/L-25 | AT22V10/L-30 
Symbol | Parameter 


jo _|Nbmsagececoua | 1 15 12 20] 15 a5 a0 50 | ow 
Tex [impute Ouputenabie | 1015 [a0 | 15 as | a0 a0 | ow 
Tien [inptic Ouput Disable | 10 15[ 20 | 15 as 2020 [ rw 
Tier [Gbokiofeedack | 01 2s| 94 e| 0s | 0 1015 16 
Tico [Gbskic Oupu | 0710 [0 8 15] 0 10 15| 0 12 20 | rw 
ise [FeschackSeupTing [woe |i to [as v2 wes |e 
ris |inpuSeupTine [108 7s te 15 aos |e 
ru [Mote os 
a 
Cw [eos wean tres 
ae 
FMAX 


Internal Feedback 1/(ts + tor) _ 


No Feedback 1/tP 
|_taw__ | Asynchronous Reset Wiath eT 25 10 3015 


tan Asynchronous Reset 
Recovery Time 
Asynchronous Reset to 30 
Registered Output Reset 


Input Test Waveforms and Output Test Loads: 
Measurement Levels Commercial nici 
3.0V 5.0V 
AC AC 
DRIVING 1.5V MEASUREMENT R1=250 R1=338 
OUTPUT OUTPUT 
LEVELS ay LEVEL PIN PIN 
R2=167 a dina R2=248 o aaedl 


tR, tF<5ns (10% to 90%) 
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Functional Logic Diagram AT22V10/L 
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Preload of Registered Outputs 


The registers in the AT22V10 and AT22V10L are provided 
with circuitry to allow loading of each register asynchronously 
with either a high or a low. This feature will simplify testing 
since any state can be forced into the registers to control test 
sequencing. A Vjq level on the I/O pin will force the register 
high; a Vi will force it low, independent of the polarity bit (CO) 
setting. The PRELOAD state is entered by placing an 11 V to 
14 V signal on pin 8 on DIPs, and pin 10 on SMPs. When the 
clock pin is pulsed high, the data on the I/O pins is placed into 
the ten registers. 


VH 
PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE I/O'S 


Power Up Reset 


The registers in the AT22V10 and AT22V10L are designed to 
reset during power up. At a point delayed slightly from Vcc 
crossing 3.8 V, all registers will be reset to the low state. The 
Output state will depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. How- 
ever, due to the asynchronous nature of reset and the uncertainty 
of how Vcc actually rises in the system, the following condi- 
tions are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must 
be met before driving the clock pin high, and 


3) The clock must remain stable during tpr. 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


PRELOAD DATA 
OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


Units Conditions 
a eo 


Level forced on 
registered output pin 
during PRELOAD cycle. 


Register state 
After Cycle 


tpMIN = 100 ns 


OUTPUT 


VOLTAGE PRELOAD 
REMOVED DISABLED 
3.8V 
POWER 
tPR 
REGISTERED 
OUTPUTS tS 
tW 
CLOCK 


Parameter Description Min Typ Max 


Power-Up 


Units 


1000 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Erasure Characteristics 


The entire fuse array of an AT22V10 or AT22V10L is erased 
after exposure to ultraviolet light at a wavelength of 2537 A. 
Complete erasure is assured after a minimum of 20 minutes ex- 
posure using 12,000 uW/cm? intensity lamps spaced one inch 
away from the chip. Minimum erase time for lamps at other in- 


tensity ratings can be calculated from the minimum integrated 
erasure dose of 15 W-sec/cm*. To prevent unintentional era- 
sure, an opaque label is recommended to cover the clear window 
on any UV erasable EPLD which will be subjected to continu- 
ous fluorescent indoor lighting or sunlight. 
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SUPPLY CURRENT vs. INPUT FREQUENCY SUPPLY CURRENT vs. INPUT FREQUENCY 
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NORMALIZED TPD 
vs. SUPPLY VOLTAGE 


NORMALIZED TCO 
vs. SUPPLY VOLTAGE 


NORMALIZED TS 
vs. SUPPLY VOLTAGE 


DELTA TPD vs. OUTPUT LOADING 


(VCC = 4.5V, OUTPUT LOAD = COMMERCIAL) 
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NORMALIZED TCO 
vs. TEMPERATURE 
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NORMALIZED TS 
vs. TEMPERATURE 


Ambient Temperature (C) 


DELTA TCO vs. OUTPUT LOADING 


( VCC = 4.5V, OUTPUT LOAD = COMMERCIAL ) 
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AT22V10/L 


Ordering Information 


t t 


AT22V10-15DC 
AT22V10-15FC 
AT22V10-15GC 
AT22V10-15JNC 
AT22V10-15KC 
AT22V10-15LC 
AT22V10-15NC 
AT22V10-15PC 
AT22V10-15SC 
AT22V10-15YC 


AT22V10-15DI 
AT22V10-15Fl 
AT22V10-15Gl 
AT22V10-15ul 

AT22V10-15KI 
AT22V10-15LI 

AT22V10-15NI 
AT22V10-15Pl 
AT22V10-15S! 
AT22V10-15Y1 


AT22V10-15DM 
AT22V10-15FM 
AT22V10-15GM 
AT22V10-15KM 
AT22V10-15LM 
AT22V10-15NM 
AT22V10-15YM 


AT22V10-15DM/883 
AT22V10-15FM/883 
AT22V10-15GM/883 
AT22V10-15KM/883 
AT22V10-15LM/883 
AT22V10-15NM/883 
AT22V10-15YM/883 


AT22V10-20DC 
AT22V10-20FC 
AT22V10-20GC 
AT22V10-20JC 
AT22V10-20KC 
AT22V10-20LC 
AT22V10-20NC 
AT22V10-20PC 
AT22V10-20SC 
AT22V10-20YC 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 
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Ordering Information 


t t 


AT22V10-20DI 
AT22V10-20FI 
AT22V10-20GI 
AT22V10-20Jl 

AT22V10-20KI 
AT22V10-20LI 

AT22V10-20NI 
AT22V10-20PI 
AT22V10-20SI 
AT22V10-20Y1 


AT22V10-20DM 
AT22V10-20FM 
AT22V10-20GM 
AT22V10-20KM 
AT22V10-20LM 
AT22V10-20NM 
AT22V10-20YM 


AT22V10-20DM/883 
AT22V10-20FM/883 
AT22V10-20GM/883 
AT22V10-20KM/883 
AT22V10-20LM/883 
AT22V10-20NM/883 
AT22V10-20YM/883 


AT22V10-25DC 
AT22V10-25FC 
AT22V10-25GC 
AT22V10-25JC 
AT22V10-25KC 
AT22V10-25LC 
AT22V10-25NC 
AT22V10-25PC 
AT22V10-25SC 
AT22V10-25YC 


AT22V10-25DI 
AT22V10-25F 
AT22V10-25GI 
AT22V10-25Jl 

AT22V10-25KI 
AT22V10-25LI 

AT22V10-25NI 
AT22V10-25PI 
AT22V10-25SI 
AT22V10-25Y1 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 
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Ordering Information 


AT22V10-25DM 
AT22V10-25FM 
AT22V10-25GM 
AT22V10-25KM 
AT22V10-25LM 
AT22V10-25NM 
AT22V10-25YM 


AT22V10-25DM/883 
AT22V10-25FM/883 
AT22V10-25GM/883 
AT22V10-25KM/883 
AT22V10-25LM/883 
AT22V10-25NM/883 
AT22V10-25YM/883 


AT22V10-30DM 
AT22V10-30FM 
AT22V10-30GM 
AT22V10-30KM 
AT22V10-30LM 
AT22V10-30NM 
AT22V10-30YM 


AT22V10-30DM/883 
AT22V10-30FM/883 
AT22V10-30GM/883 
AT22V10-30KM/883 
AT22V10-30LM/883 
AT22V10-30NM/883 
AT22V10-30YM/883 


AT22V10-35DC 
AT22V10-35FC 
AT22V10-35GC 
AT22V10-35JC 

AT22V10-35KC 
AT22V10-35LC 

AT22V10-35NC 
AT22V10-35PC 
AT22V10-35SC 
AT22V10-35YC 


AT22V10-35DI 
AT22V10-35Fl 
AT22V10-35GI 
AT22V10-35Jl 

AT22V10-35KI 
AT22V10-35LI 

AT22V10-35NI 
AT22V10-35PI 
AT22V10-35SI 
AT22V10-35Y1 


AT22V10/L 


t t t 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Ordering Information 


t t t 


5962-87539 04LX 24DW3 Military/883C 
5962-87539 04 3X (-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


5962-87539 01 KX 
5962-87539 01 LX 
5962-87539 01 3X 


5962-87539 02 KX 
5962-87539 02LX 
5962-87539 02 3X 


5962-87539 03 KX 
5962-87539 03 LX 
5962-87539 03 3X 


5962-88670 05LX 
5962-88670 05 3X 


5962-88670 04 KX 
5962-88670 04LX 
5962-88670 04 3X 


5962-88670 01 KX 
5962-88670 01 LX 
5962-88670 01 3X 


5962-88670 02 KX 
5962-88670 02LX 
5962-88670 02 3X 


5962-88670 03 KX 
5962-88670 03 LX 
5962-88670 03 3X 


Package Type 
24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 
24 Lead, 0.300" Wide, Non-Windowed (OTP), Ceramic Dual Inline Package (Cerdip) 


| 28) _—'|- 28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
28L 28 Pad, Non-Windowed, Ceramic Leadliess Chip Carrier OTP (LCC) 


| 24P3. | 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
| 245 | 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
| 2acw CS 24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
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Ordering Information 


iil 
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AT22V10L-20DC 
AT22V10L-20FC 
AT22V10L-20GC 
AT22V10L-20JC 

AT22V10L-20KC 
AT22V10L-20LC 

AT22V10L-20NC 
AT22V10L-20PC 
AT22V10L-20SC 
AT22V10L-20YC 


AT22V10L-20DI 
AT22V10L-20F I 
AT22V10L-20GI 
AT22V10L-20JI 
AT22V10L-20KI 
AT22V10L-20LI 
AT22V10L-20NI 
AT22V10L-20PI 
AT22V10L-20SI 
AT22V10L-20Y1 


AT22V10L-20DM 
AT22V10L-20FM 
AT22V10L-20GM 
AT22V10L-20KM 
AT22V10L-20LM 
AT22V10L-20NM 
AT22V10L-20YM 


AT22V10L-20DM/883 
AT22V10L-20FM/883 
AT22V10L-20GM/883 
AT22V10L-20KM/883 
AT22V10L-20LM/883 
AT22V10L-20NM/883 
AT22V10L-20YM/883 


AT22V10L-25DC 
AT22V10L-25FC 
AT22V10L-25GC 
AT22V10L-25JC 

AT22V10L-25KC 
AT22V10L-25LC 

AT22V10L-25NC 
AT22V10L-25PC 
AT22V10L-25SC 


AT22V10L-25YC 


AIMEL 


AT22V10/L 


t t t 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 
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Ordering Information 
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AT22V10L-25DI 
AT22V10L-25Fl 
AT22V10L-25GI 
AT22V10L-25JI 
AT22V10L-25KI 
AT22V10L-25LI 
AT22V10L-25NI 
AT22V10L-25PI 
AT22V10L-25SI 
AT22V10L-25Y1 


AT22V10L-25DM 
AT22V10L-25FM 
AT22V10L-25GM 
AT22V10L-25KM 
AT22V10L-25LM 
AT22V10L-25NM 
AT22V10L-25YM 


AT22V10L-25DM/883 
AT22V10L-25FM/883 
AT22V10L-25GM/883 
AT22V10L-25KM/883 
AT22V10L-25LM/883 
AT22V10L-25NM/883 
AT22V10L-25YM/883 


AT22V10L-30DM 
AT22V10L-30FM 
AT22V10L-30GM 
AT22V10L-30KM 
AT22V10L-30LM 
AT22V10L-30NM 
AT22V10L-30YM 


AT22V10L-30DM/883 
AT22V10L-30FM/883 
AT22V10L-30GM/883 
AT22V10L-30KM/883 
AT22V10L-30LM/883 
AT22V10L-30NM/883 
AT22V10L-30YM/883 


AT22V10L-35DC 
AT22V10L-35FC 
AT22V10L-35GC 
AT22V10L-35JC 

AT22V10L-35KC 
AT22V10L-35LC 

AT22V10L-35NC 
AT22V10L-35PC 
AT22V10L-35SC 
AT22V10L-35YC 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 
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AT22V10/L 


Ordering Information 


ii ts eH 


AT22V10L-35DI Industrial 
AT22V10L-35FI (-40°C to 85°C) 
AT22V10L-35GI 


AT22V10L-35JI 
AT22V10L-35KI 
AT22V10L-35LI 
AT22V10L-35NI 
AT22V10L-35PI 
AT22V10L-35SI 
AT22V10L-35Y1 


5962-88724 04 KX 
5962-88724 04 LX 
5962-88724 04 3X 


5962-88724 01 KX 
5962-88724 01 LX (-55°C to 125°C) 
5962-88724 01 3X Class B, Fully Compliant 


5962-88724 02 KX Military/883C 
5962-88724 02 LX (-55°C to 125°C) 
5962-88724 02 3X Class B, Fully Compliant 


5962-88724 03 KX Military/883C 
5962-88724 03 LX (-55°C to 125°C) 
5962-88724 03 3X Class B, Fully Compliant 


5962-89755 04 KX Military/883C 
5962-89755 04 LX (-55°C to 125°C) 
5962-89755 04 3X Class B, Fully Compliant 


5962-89755 01 KX Military/883C 
5962-89755 01 LX (-55°C to 125°C) 
5962-89755 01 3X Class B, Fully Compliant 


5962-89755 02 KX Military/883C 
5962-89755 02 LX (-55°C to 125°C) 

5962-89755 02 3X Class B, Fully Compliant 
5962-89755 03 KX Military/883C 


5962-89755 03 LX (-55°C to 125°C) 
5962-89755 03 3X Class B, Fully Compliant 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Military/883C 


Package Type 
24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 
24 Lead, 0.300" Wide, Non-Windowed (OTP), Ceramic Dual Inline Package (Cerdip) 
28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 
24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
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Features 


e High Performance Programmable Logic Device 
7.5 nS Max Propagation Delay 
Up to 166 MHz Operation 
5 V+ 10% Operation 
Fully Compatible with Standard 22V10 
identical Functionality/Fuse-Map 
CMOS and TTL Compatible Inputs and Outputs 
10 nA Leakage Maximum 
Reprogrammable - Tested 100% for Programmability 
High Reliability 
Proven UV Erasable CMOS Technology 
2000 V ESD Protection 
Full Military, Commercial and Industrial Temperature Ranges 
Dual-In-Line and Surface Mount Packages with Standard Pinouts 


Logic Diagram 
(OE Product Terms) 


Programmable 


Logic 


12 Interconnect Loe 
Pins ast ita Output 
Pins Combinatorial Option 

Logic Array | 8to16 (Up to 10 
1 Product Flip-Flops) 
Terms 
Description 


The AT22V10B is an ultra-high performance CMOS Erasable Programmable Logic Device 
(EPLD). Speeds down to 7.5 ns and operation up to 166 MHz are offered. All pins offer a low 


+ 10 LA leakage. 


The AT22V10B logic functionality is fully compatible with the standard 22V10. The 12 ded- 
icated inputs and ten configurable I/O pins allow implementation of logic requiring up to 22 
input signals. The AT22V10B also provides individual output enable product terms for each 


of the ten I/Os. 


Continued on next page. 


Pin Configurations 


‘ 
2 ie) 
: V0 
CLK/IN Clock and Logic Input é e 
I 
Logic Inputs 7 Me) 
8 0 
9 


Bidirectional Buffers 
fe No Internal Connection 


+5 V Supply 


IN 


AIMEL 


CLKIIN VCC 


IN GND IN 1/0 


High Speed 
UV Erasable 
Programmable 
Logic Device 


10 
1/0 
Pins 


ie) 


VO 
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Description (Continued) 


The AT22V 10B incorporates a variable product term architec- are common to all ten registers. All registers are automatically 
ture. Each output is allocated from eight to 16 product terms, cleared upon power up. 


The AT22V10B includes two additional product terms to pro- unauthorized copying of programmed fuse patterns. 
vide synchronous preset and asynchronous reset. These terms 


Absolute Maximum Ratings* 
*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


fe) fo) 
Temperature Under Bias 55°C to +125°C mum Ratings" may cause permanent damage to the device. 

oO ° This is a stress rating only and functional operation of the de- 
Storage Temperature “65°C to +150°C vice at these or any other conditions beyond those indicated in 
Voltage on Any Pin with the operational sections of this specification is not implied. 
Respect to Ground -2.0V to +7.0 Vv") Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 
Voltage on Input Pins 

with Respect to Ground 

During Programming -2.0 V to +14.0 V") 


Note: 

1. Minimum voltage is -0.6 V de which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 

Programming Voltage with is Vcc+0.75 V dc which may overshoot to +7.0 V for pulses 


Respect to Ground -2.0Vto +14.0 vi) of less than 20 ns. 


Integrated UV Erase Dose 7258 W.sec/cm? 


Logic Options 
re) To To 
Output Output 


From 
momen <4 Output 


Output Options 
OE OE 
From From 
Logic V/O Logic 0 
Option Option 
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D.C. and A.C. Operating Conditions 


Commercial Commercial Industrial Military 
AT22V10B AT22V10B AT22V10B AT22V10B 
-10, -12 -10, -12 -10, -12 


Operating Temperature (Case) 0°C - 70°C 0°C - 70°C -40°C - 85°C -55°C - 125°C 


Vcc Power Supply 5V+5% 5V+10% 5V+10% 5V+10% 


Operating Modes 


24-Pin DIP 1/O’s Vcc(24) 
28- Pin JLCC 1/O’s Vcc(28) 
"EPLD" 


Program 
PGM Verify 
PGM Inhibit 
Preload 


Notes: 1. X can be Vy or Vm. 2. Vy = 11.0 V to 14.0 V 


Ter 3] Input Load Current Vin = -0.1 V to Vec+1 V 10 LA 
Output Leakage Current VouT = -0.1 V to Vec+0.1 V 
lec 
Outputs Open 
Output Short Circuit Current Vout = 0.5 V -30 -120 
lol = 24 mA Com. 0.8 


D.C. Characteristics 

Vcc = MAX, 
VL Input Low Voltage -0.6 0.8 V 
Output High Voltage ae Viby Igy = -4.0 mA 24 V 


Symbol Parameter Condition Min Max Units 
Power Supply Current Vin = GND, 
Input High Voltage 2.0 Vcc+0.75 
Notes: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 sec. 


loL= 16mMA Com.,Ind. 
lo.=12mA Mil. 0.5 


VIN = ViH Or VIL, 


Output Low Voltage Vcc = MIN 


7-37 


A.C. Waveforms” 


INPUTS,VO 
REG. FEEDBACK 
SYNCH. PR 


cP 


tWH 
ASYNCH. RESET 
tEA 


tCO tAP tER 
REGISTERED VV OUTPUT OUTPUT Af \/ HIGH Z / S Veseraur 
OUTPUTS /\/\ VALID VALID PFs E \ \ WAL 
tEA 
/. 


COMBINATORIAL 
OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics 


eencilPemmes "| 
Input or Feedback to 
Non-Registered Output 


EA Input to Output Enable 


tcF 


lock to Output 


hts | Input or Feedback Setup Time 
tH old Time 


t 
t 


tp | Clock Period 
Clock Width Low 3 
Clock Width High 3 


FMAX |Internal Feedback 1/(ts + tcF) 
No Feedback 1/(tp) 
Asynchronous Reset Width 


Asynchronous Reset, Synchronous 
Preset, Recovery Time et : 
Asynchronous Reset to Registered 
Output Reset 


Note: 1. This parameter is only sampled and is not 100% tested. 


Input Test Waveforms and Output Test Loads: 
Measurement Levels Commercial Military 
3.0V 5.0V 5.0V 


AC AC 
R1=250 R1=338 
DRIVING 1.5V MEASUREMENT OUTPUT Q OUTPUT 
LEVELS LEVEL 
— PIN is PIN 
R2=167 Q CL=50pé R2=248 o CL=50pF 
tR,tF<2ns (10% to 90%) L i 


Note: 1.CL=30 pF for AT22V10B-7 
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AT22V10B 


Functional Logic Diagram AT22V10B 
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Preload of Registered Outputs 


The registers in the AT22V10B are provided with circuitry to 
allow loading of each register asynchronously with either a high 
or alow. This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. A V]H level 
on the I/O pin will force the register high; a Vir will force it low, 
independent of the polarity bit (CO) setting. The PRELOAD 
state is entered by placing an 11 V to 14 V signal on pin 8 on 
DIPs, and pin 10 on SMPs. When the clock pin is pulsed high, 
the data on the I/O pins is placed into the ten registers. 


VH 
PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE I/O’S 


Power Up Reset 


The registers in the AT22V10B are designed to reset during 
power up. Ata point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. How- 
ever, due to the asynchronous nature of reset and the uncertainty 
of how Vcc actually rises in the system, the following condi- 
tions are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must 
be met before driving the clock pin high, and 


3) The clock must remain stable during tpr. 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


PRELOAD DATA 
OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


Units Conditions 
ee 


Level forced on 
registered output pin 
during PRELOAD cycle. 


Register state 
After Cycle 


tpmMIN = 100 ns 


OUTPUT 
VOLTAGE 
REMOVED 


PRELOAD 
DISABLED 


3.8V 
POWER 
tPR 
REGISTERED 
OUTPUTS tS 
tW 
CLOCK 


Parameter 


Description Min Typ Max 


Power-Up 


Units 


1000 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Erasure Characteristics 


The entire fuse array of an AT22V10B is erased after exposure 
to ultraviolet light at a wavelength of 2537 A. Complete erasure 
is assured after a minimum of 20 minutes exposure using 12,000 
W/cm” intensity lamps spaced one inch away from the chip. 
Minimum erase time for lamps at other intensity ratings can be 


calculated from the minimum integrated erasure dose of 15 
W-sec/cm*. To prevent unintentional erasure, an opaque label is 
recommended to cover the clear window on any UV erasable 
EPLD which will be subjected to continuous fluorescent indoor 
lighting or sunlight. 
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SUPPLY CURRENT vs. INPUT FREQUENCY NORMALIZED ICC vs. AMBIENT TEMP. 
AT22V10B (TA = 25C, VCC = 5V) - f = 50 MHz 
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NORMALIZED TPD NORMALIZED TPD 
vs. SUPPLY VOLTAGE vs. TEMPERATURE 
N yn 15 
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AT22V10B 


— Information 


t t 


AT22V10B-7DC Commercial 
AT22V10B-7GC (0°C to 70°C) 
AT22V10B-7JC 
AT22V10B-7KC 
AT22V10B-7LC 
AT22V10B-7NC 
AT22V10B-7PC 
AT22V10B-7SC 


AT22V10B-10DC Commercial 
AT22V10B-10GC (0°C to 70°C) 
AT22V10B-10JC 
AT22V10B-10KC 
AT22V10B-10LC 
AT22V10B-10NC 
AT22V10B-10PC 
AT22V10B-10SC 


AT22V10B-10DI Industrial 
AT22V10B-10GI (-40°C to 85°C) 
AT22V10B-10uJI 

AT22V10B-10KI 

AT22V10B-10LI 

AT22V10B-10NI 

AT22V10B-10PI 

AT22V10B-10SI 


AT22V10B-10DM Military 


AT22V10B-10GM (-55°C to 125°C) 
AT22V10B-10KM 
AT22V10B-10LM 
AT22V10B-10NM 


AT22V10B-10DM/883 Military/883C 
AT22V10B-10GM/883 (-55°C to 125°C) 
AT22V10B-10KM/883 Class B, Fully Compliant 
AT22V10B-10LM/883 

AT22V10B-10NM/883 


AT22V10B-12DC Commercial 
AT22V10B-12GC (0°C to 70°C) 
AT22V10B-12JC 
AT22V10B-12KC 
AT22V10B-12LC 
AT22V10B-12NC 
AT22V10B-12PC 
AT22V10B-12SC 


AT22V10B-12DI Industrial 
AT22V10B-12Gl (-40°C to 85°C) 
AT22V10B-12uJl 

AT22V10B-12KI 

AT22V10B-12LI 

AT22V10B-12NI 

AT22V10B-12PI 

AT22V10B-12SI 


AIMEL _ 


AIMEL 
Ordering Information 


t t t 
12 7.5 


: AT22V10B-12DM 
AT22V10B-12GM 
AT22V10B-12KM 
AT22V10B-12LM 
AT22V10B-12NM 
AT22V10B-12DM/883 
AT22V10B-12GM/883 
AT22V10B-12KM/883 
AT22V10B-12LM/883 
AT22V10B-12NM/883 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


| 24DW3 24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


| 2403s 24 Lead, 0.300" Wide, Non-Windowed (OTP), Ceramic Dual Inline Package (Cerdip) 
| 28) =| 28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
28LW 28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 


24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 


| 245 «|: 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
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Features 


e Low Voitage Programmable Logic Device 
Wide Power Supply Range - 3.0 V to 5.5 V 
ideal for Battery Powered Systems 
e High Speed Operation 
20 ns max Propagation Delay at Vcc = 3.0 V 
Full Military, Commercial and Industrial Temperature Ranges 
Familiar 22V10 Logic Architecture 
e Low Power 3-Volt CMOS Operation 


AT22LV10L AT22LV10 


Com./Mil. Com./Mil. 


Icc (MA) 35 / 45 Vcc =3.6 V 


e CMOS and TTL Compatible Inputs and Outputs 
10 pA Leakage Maximum 
Reprogrammable - Tested 100% for Programmability 
High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
e Dual-In-Line and Surface Mount Packages 


Logic Diagram 


OE PRODUCT TERMS 


PROGRAMMABLE 


12 INTERCONNECT 
INPUT PINS AND Laas 
COMBINATORIAL ne 
16 
LOGIC ARRAY BRGDUET 
1 TERMS L 


Description 

The AT22LV10 and AT22LV10L are low voltage compatible CMOS high performance Eras- 
able Programmable Logic Devices (EPLDs). Speeds down to 20 ns and power dissipation as 
low as 14.4 mW are offered. All speed ranges are specified over the 3.0 V to 5.5 V range. All 
pins offer a low +10 LA leakage. 

The AT22LV10L provides the optimum low power CMOS EPLD solution, with low DC 
power (1 mA typical at Vcc = 3.3 V) and full CMOS output levels. The AT22LV10L signif- 
icantly reduces total system power, allowing battery powered operation. 

Full CMOS output levels help reduce power in many other system components. 

The AT22LV10 and AT22LV10L logic architectures are identical to the familiar 22V 10. Each 
output is allocated from eight to 16 product terms, which allows highly complex logic func- 
tions to be realized. 


10 
VO PINS 


(UP To 10 
FLIP-FLOPS) 


Two additional product terms are included to provide synchronous preset and asynchronous 
reset. These terms are common to all ten registers. All registers are automatically cleared upon 
power up. 

Register Preload simplifies testing. A Security Fuse prevents unauthorized copying of pro- 
grammed fuse patterns. 


Pin Configurations 


CLKIN VCC VO 


1 IN IN| * vO 
2 
IN 10 
© IN ne) 
CLK/IN Clock and Logic Input : IN V0 
[in [Loge ne : : 
Bidirectional Buffers 9 IN 0 
f* No Internal Connection ce ae 
3.0 V to 5.5 V Supply IN GND IN VO 


ATMEL 


Low Voltage 
UV Erasable 
Programmable 
Logic Device 
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Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 

Voltage on Any Pin with the operational sections of this specification is not implied. 

Respect to Ground -20Vto +7.0 y(t) Exposure to absolute maximum rating conditions for extended 

periods may affect device reliability. 


Temperature Under Bias -55°C to +125°C 
Storage Temperature -65°C to +150°C 


Voltage on Input Pins 
with Respect to Ground 
During Programming -2.0 V to +14.0 Vv") 


Note: 
1. Minimum voltage is -0.6 V dc which may undershoot to 
-2.0 V for pulses of less than 20 ns. Maximum pin voltage is 


Programming Voltage with Vocc+0.75 V dc which may overshoot to Vcc +2.0 V for 


Respect to Ground -2.0V to +14.0 Vv") pulses of less than 20 ns. 
Integrated UV Erase Dose 7258 W.sec/cm* 
Logic Options 
Ly To 
; Output Output 
From 
— Output 
Output Options 
LD OE 
From 
Logic vO 
Option 


D.C. and A.C. Operating Conditions 


Commercial AT22LV10/L_ Industrial AT22LV10/L Military AT22LV10/L 
-20, -25, -30 -20, -25, -30 -25, -30, -35 


Operating Temperature (Case) 0°G:- 70°C -40°C - 85°C -55°C - 125°C 
Vcc Power Supply 3.0Vto5.5V 3.0Vto5.5V 3.0Vto5.5V 


Operating Modes 


24-Pin DIP Vcc (24) 
28-Pin JLCC Vcc (28) 
"EPLD" 3.0Vto5.5V 


Program 6V 

PGM Verify 6V 

PGM Inhibit 6V 

Preload 3.0Vto5.5V 
Notes: 1. X can be Vy or Vou. 2. Vy = 11.0 Vto 14.0 V 
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D.C. Characteristics 


Symbol Parameter Condition Min Typ Max Units 
Iu Input Load Current Vin = -0.1 V to Vcc+1 V 10 LA 


Output Leakage _ 
ILO Current Vout = -0.1 V to Voc+0.1 V 10 pA 
Com. 20/50 35/90 mA 
Voc =3.6V/5.5V, Al22lv10 
Power Supply Ind., Mil. 20/50 45/100 mA 
Icc Current Vin = GND, 


Outputs Open (2) Com. 1/2 4/12 mA 


Ind., Mil. 1/2 5/15 mA 


AT22LV10 


f = 1 MHz, 3/5 
ind ich nth Voc =3.6V/5.5V, AT22LV10L?) 
nell Circuit Youre DEY 90 mA 


Input Low Voltage 4.5 V< Voc <5.5V -0.6 08 Vv 
Input Low Voltage 3.0V<Vcc<45V -0.6 0.6 V 
Input High Voltage 2.0 Voc+0.75 


Outout Low Volt Vcc = 3.0 V Com.,Ind./Mil. lo. = 8 mA/6mA 05 
utput Low Voltage . 
VIN = ViIH or VIL Voc = 4.5. V Com.,Ind./Mil. lol = 16mA/12mA 05 


Vcc =3.0V Com.,Ind./Mil. lo. =6mA/4mA 0.35 


Vin = VIH or VIL, lOH = -100 pA 
Voc =3.0V/4.5V Ion = -0.4 mA/-4.0 mA 2.4 V 


Notes: 1. Not more than one output at a time should be shorted. 2. See Icc vs. Frequency curves in the back of this data sheet. 
Duration of short circuit test should not exceed 30 sec. 


A.C. Characteristics for the AT22LV10 


AT22LV10-25 
Parameter Min Typ__Max Min Typ__Max 
Input or Feedback to 42 20 15 25 20 30 pons 


VOL 


Output High Voltage 


tEA Input to Output Enable | es | 15 25 20 30 


tor _|ClocktoFeedback ss | =o) 4 | 
tco 
ts 
tH 

Clock Period 


te 
Oo 
7 
DD 
14) 
a, 
” 
—_ 
@ 
© 
62: 
O 
Cc 
me 
TO 
= 
- 


tw Clock Width 


External Feedback 1/(ts+tco) 


FMAX | Internal Feedback 1/(ts + tcF) 


No Feedback 1/(tp) 


taw___| Asynchronous Reset Width 20 12 


Asynchronous Reset, 
AR Synchronous Preset, 
Recovery Time 


Asynchronous Reset to 
Registered Output Reset 
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A.C. Waveforms” 


INPUTS,V/O 
REG. FEEDBACK 
SYNCH. PRESE? 


CP 


ASYNCH. RESET 


REGISTERED 
OUTPUTS 


COMBINATORIAL 
OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics for the AT22LV10L 
Parameter 


Input or Feedback to Non-Registered 20 ~=s- 80 
Output 


[Inputto QutputEnable | 5] 2080 | 5H | ss 
ter |inputto Output Disable | 155 | 200 | 55 | ns 
| tor |ClocktoFeedback | OS | tts | 
| tco |ClocktoOutpt | tt | tt] | ns 


Asynchronous Reset to Registered 
Output Reset 


Input Test Waveforms and Output Test Loads: 
Measurement Levels Commercial Military 
3.0V 5.0V 5.0V 
AC AC 
DRIVING 1.5V MEASUREMENT R1=250 © R1=338 Q 
LEVELS LEVEL OUTPUT OUTPUT 
0.0V PIN PIN 


R2=167 CL=50pF R2=248 o CL=50pF 
tR, tF<5ns (10% to 90%) ale ah 
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Functional Logic Diagram AT22LV10/L 
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Preload of Registered Outputs 


The registers in the AT22LV10 and AT22LV10L are provided 
with circuitry to allow loading of each register asynchronously 
with either a high or a low. This feature will simplify testing 
since any state can be forced into the registers to control test 
sequencing. A Vy level on the I/O pin will force the register 
high; a Vir will force it low, independent of the polarity bit (CO) 
setting. The PRELOAD state is entered by placing an 11 V to 
14 V signal on pin 8 on DIPs, and pin 10 on SMPs. When the 
clock pin is pulsed high, the data on the I/O pins is placed into 
the ten registers. 


VH 
PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE I/O’S 


Power Up Reset 


The registers in the AT22LV10 and AT22LV10L are designed 
to reset during power up. At a point delayed slightly from Vcc 
crossing 2.5 V, all registers will be reset to the low state. The 
Output state will depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must be 
met before driving the clock pin high, and 


3) The clock must remain stable during tpr. 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


PRELOAD DATA 
OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


Units Conditions 


Level forced on 
registered output pin 
during PRELOAD cycle. 


Register state 
After Cycle 


tpMIN = 100 ns 


OUTPUT 
VOLTAGE 
REMOVED 


PRELOAD 
DISABLED 


2.5 V 
POWER 


REGISTERED 
OUTPUTS — 


CLOCK 


Parameter Description Min Units 


Power-Up 


Typ Max 


1000 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Erasure Characteristics 


The entire fuse array of an AT22LV10 or AT22LV10L is erased 
after exposure to ultraviolet light at a wavelength of 2537 A. 
Complete erasure is assured after a minimum of 20 minutes ex- 
posure using 12,000 uW/cm? intensity lamps spaced one inch 
away from the chip. Minimum erase time for lamps at other in- 


tensity ratings can be calculated from the minimum integrated 
erasure dose of 15 W-sec/cm”. To prevent unintentional erasure, 
an opaque label is recommended to cover the clear window on 
any UV erasable EPLD which will be subjected to continuous 
fluorescent indoor lighting or sunlight. 
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AT22LV10/L 


SUPPLY CURRENT vs. INPUT FREQUENCY SUPPLY CURRENT vs. INPUT FREQUENCY 
AT22LV10 (TA = 25C) AT22LV10L (TA = 25C) 


C C 
C C 
m m 
A A 


Frequency (MHz) Frequency (MHz) 
NORMALIZED SUPPLY CURRENT NORMALIZED ICC vs. AMBIENT TEMP. 
vs. SUPPLY VOLTAGE f= 30 MHz 


0.8 


Q29N- Aeon--weB Zr oz 
° ° ° 

[*) cop] o 

a2a0— Qen-—-—-M9 53702 
° = =~ 

o So ' 


3.0 3.5 4.0 45 5.0 5.5 -55 -25 5 35 65 95 125 


Supply Voltage (V) Ambient Temperature (C) 
OUTPUT SINK CURRENT OUTPUT SINK CURRENT 
vs. SUPPLY VOLTAGE (TA = 25C) vs. OUTPUT VOLTAGE (TA = 25C) 
o 3 9 (150 
‘ ; 
p 30 Pp 
| 
25 
Sco 
ta — : 
e Vol 4 0.35V = e 
t = t 
3.0 3.5 4.0 55 
Supply nce (V) Output Voltage (V) 
OUTPUT SOURCE CURRENT OUTPUT SOURCE CURRENT 
_ SUPPLY VOLTAGE (VOH = 2.4V TA = 25C) ’ vs. OUTPUT VOLTAGE (TA = 25C) 
: ‘ 
t t 
Pp p 
7 
Cc Cc 
u (mA) u 
—_ : 
{ t 
4.0 45 5.0 
Supply Voltage (V) Output Voltage (V) 
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NORMALIZED TPD 
vs. SUPPLY VOLTAGE 
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Supply Voltage (V) 
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vs. SUPPLY VOLTAGE 
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3.0 3.5 4.0 45 5.0 5.5 
Supply Voltage (V) 


NORMALIZED TS 
vs. SUPPLY VOLTAGE 
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DELTA TPD vs. OUTPUT LOADING 


(VCC = 4.5V, OUTPUT LOAD = COMMERCIAL) 
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NORMALIZED TPD 
vs. TEMPERATURE 
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DELTA TCO vs. OUTPUT LOADING 
( VCC = 4.5V, OUTPUT LOAD = COMMERCIAL ) 
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Ordering Information 


a 


AT22LV10-20DC 
AT22LV10-20FC 
AT22LV10-20GC 
AT22LV10-20JC 

AT22LV10-20KC 
AT22LV10-20LC 

AT22LV10-20NC 
AT22LV10-20PC 
AT22LV10-20SC 
AT22LV10-20YC 


AT22LV10-20DI 
AT22LV10-20FI 
AT22LV10-20GI 
AT22LV10-20JI 

AT22LV10-20KI 
AT22LV10-20LI 

AT22LV10-20NI 
AT22LV10-20PI 
AT22LV10-20SI 
AT22LVi0-20Y1 


AT22LV10-20DM 
AT22LV10-20FM 
AT22LV10-20GM 
AT22LV10-20KM 
AT22LV10-20LM 
AT22LV10-20NM 
AT22LV10-20YM 


AT22LV10-20DM/883 
AT22LV10-20FM/883 
AT22LV10-20GM/883 
AT22LV10-20KM/883 
AT22LV10-20LM/883 
AT22LV10-20NM/883 
AT22LV10-20YM/883 


AT22LV10-25DC 
AT22LV10-25FC 
AT22LV10-25GC 
AT22LV10-25JC 

AT22LV10-25KC 
AT22LV10-25LC 

AT22LV10-25NC 
AT22LV10-25PC 
AT22LV10-25SC 
AT22LV10-25YC 


AT22LV10/L 


t t t 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883D 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 
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Ordering Information 


: t 


AT22LV10-25DI 
AT22LV10-25F I 
AT22LV10-25GI 
AT22LV10-25JI 
AT22LV10-25KI 
AT22LV10-25LI 
AT22LV10-25NI 
AT22LV10-25PI 
AT22LV10-25S| 
AT22LV10-25Y1 


AT22LV10-25DM 
AT22LV10-25FM 
AT22LV10-25GM 
AT22LV10-25KM 
AT22LV10-25LM 
AT22LV10-25NM 
AT22LV10-25YM 


AT22LV10-25DM/883 Military/883D 
AT22LV10-25FM/883 (-55°C to 125°C) 
AT22LV10-25GM/883 Class B, Fully Compliant 
AT22LV10-25KM/883 

AT22LV10-25LM/883 

AT22LV10-25NM/883 

AT22LV10-25YM/883 


AT22LV10-30DC Commercial 
AT22LV10-30FC (0°C to 70°C) 
AT22LV10-30GC 
AT22LV10-30JC 
AT22LV10-30KC 
AT22LV10-30LC 
AT22LV10-30NC 
AT22LV10-30PC 
AT22LV10-30SC 
AT22LV10-30YC 


AT22LV10-30DI 
AT22LV10-30F | 
AT22LV10-3Gl 

AT22LV10-30JI 
AT22LV10-30KI 
AT22LV10-30LI 
AT22LV10-30NI 
AT22LV10-30PI 
AT22LV10-30SI 
AT22LV10-30Y1 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Industrial 
(-40°C to 85°C) 
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Ordering Information 


tPD ts tco 
(ns) (ns) (ns) 
30 20 


AT22LV10-30DM 
AT22LV10-30FM 
AT22LV10-30GM 
AT22LV10-30KM 
AT22LV10-30LM 
AT22LV10-30NM 
AT22LV10-30YM 


AT22LV10-30DM/883 
AT22LV10-30FM/883 
AT22LV10-30GM/883 


AT22LV10/L 


Ordering Code Operation Range 


Military 
(-55°C to 125°C) 


Military/883D 
(-55°C to 125°C) 
Class B, Fully Compliant 


AT22LV10-30KM/883 
AT22LV10-30LM/883 
AT22LV10-30NM/883 
AT22LV10-30YM/883 


Package Type 


24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack 
24 Lead, 0.300" Wide, Non-Windowed (OTP), Ceramic Dual Inline Package (Cerdip) 


: ) 
28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 

28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 


| 24P3 —s|_-24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
| 248 | 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
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Ordering Information 


t t 


AT22LV10L-25DC 
AT22LV10L-25FC 
AT22LV10L-25GC 
AT22LV10L-25JC 
AT22LV10L-25KC 
AT22LV10L-25LC 
AT22LV10L-25NC 
AT22LV10L-25PC 
AT22LV10L-25SC 
AT22LV10L-25YC 


AT22LV10L-25DI 
AT22LV10L-25F | 
AT22LV10L-25GI 
AT22LV10L-25Jl 

AT22LV10L-25KI 
AT22LV10L-25LI 

AT22LV10L-25NI 
AT22LV10L-25PI 
AT22LV10L-25SI 
AT22LV10L-25Y1 


AT22LV10L-30DC 
AT22LV10L-30FC 
AT22LV10L-30GC 
AT22LV10L-30JC 

AT22LV10L-30KC 
AT22LV10L-30LC 

AT22LV10L-30NC 
AT22LV10L-30PC 
AT22LV10L-30SC 
AT22LV10L-30YC 


AT22LV10L-30DI 
AT22LV10L-30F 1 
AT22LV10L-3Gl 

AT22LV10L-30JI 
AT22LV10L-30KI 
AT22LV10L-30LI 
AT22LV10L-30NI 
AT22LV10L-30PI 
AT22LV10L-30SI 
AT22LV10L-30Y1 


AT22LV10L-30DM 
AT22LV10L-30FM 
AT22LV10L-30GM 
AT22LV10L-30KM 
AT22LV10L-30LM 
AT22LV10L-30NM 
AT22LV10L-30YM 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 
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AT22LV10/L 


Ordering Information 


t t t , 


yy = 


Military/883D 


AT22LV10L-30FM/883 (-55°C to 125°C) 
AT22LV10L-30GM/883 Class B, Fully Compliant 
AT22LV10L-30KM/883 

AT22LV10L-30LM/883 

AT22LV10L-30NM/883 


AT22LV10L-30YM/883 


AT22LV10L-35DC 
AT22LV10L-35FC 
AT22LV10L-35GC 
AT22LV10L-35JC 

AT22LV10L-35KC 
AT22LV10L-35LC 

AT22LV10L-35NC 
AT22LV10L-35PC 
AT22LV10L-35SC 
AT22LV10L-35YC 


AT22LV10L-35DI 
AT22LV10L-35F I 
AT22LV10L-35GI 
AT22LV10L-35JI 

AT22LV10L-35KI 
AT22LV10L-35LI 

AT22LV10L-35NI 
AT22LV10L-35PI 
AT22LV10L-35S! 
AT22LV10L-35Y1 


AT22LV10L-35DM 
AT22LV10L-35FM 
AT22LV10L-35GM 
AT22LV10L-35KM 
AT22LV10L-35LM 
AT22LV10L-35NM 
AT22LV10L-35YM 


AT22LV10L-35DM/883 
AT22LV10L-35FM/883 
AT22LV10L-35GM/883 
AT22LV10L-35KM/883 
AT22LV10L-35LM/883 
AT22LV10L-35NM/883 
AT22LV10L-35YM/883 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883D 
(-55°C to 125°C) 
Class B, Fully Compliant 
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| 24DW3 —|-24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


| 2ac0CC 24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 
24 Lead, 0.300" Wide, Non-Windowed (OTP), Ceramic Dual Inline Package (Cerdip) 


; ( 

2a | 26 Lead, Pasic Loaded Chip arierOTP PLCC) 
T-2aKw | 28 Lead, Windowed, Ceramic J-Leaded Chip Carier VLCC) ——SSSCSC~S~S 
zaps | 24 Lead, 0.300" Wide, Pasic Dual nine Package OTP (PDIP) 
24s | 24 Lead, 0.300" Wide, Pasic Gull Wing Small Outine OTP (SOI) 
2acw | 24 Lead, Windowed, Ceramic Flat Package (Copa) SSS 
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Features 


e Third Generation Programmable Logic Structure 
High Density Replacement for Discrete Logic 
e High Speed - Plus a New Low Power Version 
e Increased Logic Flexibility 
42 Inputs and 20 SUM terms 
e Flexible Output Logic 
20 Flip-Flops - 10 Extra 
All Can Be Individually Buried or 10 Output Directly 
Each has Individual Asynchronous Reset or Clock Terms 
e Multiple Feedback Paths Provide for Buried State Machines 
and I/O Bus Compatibility 
e Proven and Reliable High Speed CMOS EPROM Process 
2000 V ESD Protection 
200 mA Latchup Immunity 
e Reprogrammable - Tested 100% for Programmability 
e 24-pin, 300-mil Dual-in-line and 28-Lead Surface Mount Packages 


Logic Diagram 
(OE Product Terms) 


Programmable 


40 Po, Logic 
fnput Interconnect Awe » Option Suen 10 
Pins and Product Terms | (Up to 20 O ban Vie) 
Combinatorial | _) Flip-Flops) P Pins 
Logic Array aes 


Description 


The ATV7S0/L is 100% more powerful than most other programmable logic devices in 24 pin 
packages. Increased Product terms, SUM Terms, and Flip-Flops translate into more usable 
gates. 


Each of the ATV750’s 22 logic pins can be used as an input. Ten of these can be used as input, 
Output, or bi-directional I/O pins. All 20 Flip-Flops can be fed back into the array indepen- 
dently. This flexibility allows burying all of the SUM terms and Flip-Flops. 


There are 171 Product Terms available. A variable format is used to assign between four and 
eight Product Terms per Sum Term. There are two Sum Terms per output, providing added 
flexibility. Much more logic can be replaced by this one 24-pin device. 

The ATV750/L has more flip-flops available than other EPLDs in this density range. Complex 
state machines are easily implemented. 

Product terms are available providing Asynchronous Resets, Flip-Flop clocks, and Output 
Enables. One reset and one clock term are provided per Flip-Flop, with one Enable term per 
output. One product term provides a global synchronous Preset. Register Preload simplifies 
testing. The device has an internal power up clear function. 


IN IN Vcc WO 


s . e 1 IN * WO 
Pin Configurations ; 

IN Me) 
Pin Name Function : 7 2 
6 : 
Z IN vo 
8 IN Me) 
9 IN me) 

IN * ie) 


IN GND IN 1/0 


AIMEL 


High Density 
UV Erasable 
Programmable 
Logic Device 
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Absolute Maximum Ratings* 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 
Respect to Ground 


Voltage on Input Pins 
with Respect to Ground 
During Programming 


Programming Voltage with 
Respect to Ground 


Integrated UV Erase Dose 


-55°C to +125°C 
-65°C to +150°C 


-2.0 V to +7.0 Vi) 


-2.0V to +14.0 vi") 


-2.0V to +14.0 Vi") 
7258 W-sec/cm* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+0.75 V dc which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


Logic Options 

Combined Terms Separate Terms Combined Terms Separate Terms 

—s+— From W/O Pin a ee From W/O Pin —__<+—_ From W/O Pin + From W/O Pin 
+11 
F< +20 


To I/O Pin 


Output Options 
OE » OE 
From From 
Logic ie) Logic VO 
Option Option 


D.C. and A.C. Operating Conditions 


ATV750-20 
oO Oo 
Operating Com. 0-C- 70°C 
Temperature ing, — -40°C - 85°C 
(Case) 
Mil. -55°C - 125°C 
5 V+ 10% 


ATV750/L-25 
0°C - 70°C 

-40°C - 85°C 

-55°C - 125°C 
5V+10% 


ATV750/L-30 
0°C - 70°C 
-40°C - 85°C 
-55°C - 125°C 
5 V+ 10% 


ATV750/L-35 
0°C - 70°C 
-40°C - 85°C 
-55°C - 125°C 
5 V+ 10% 


ATV750/L-40 


-40°C - 85°C 
-55°C - 125°C 
5V+ 10% 


Vcc Power Supply 
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ATV750/L 


D.C. Characteristics 


—— Parameter Condition Min Typ Max Units 
Input Load Current Vin = -0.1 V to Voc+1 V 


_ Output Leakage yout = -0.1 V to Voc+0.1 V 


Current 


Ioce @ 


Notes: 1. Not more than one output at a time should be shorted. 2. Outputs not loaded. 
Duration of short circuit test should not exceed 30 sec. 


Power Supply VCC = MAX, 
Current Vin = GND, Outputs Open 


Ind.,Mil. 


ATV750L 
Ind.,Mil. 1.0 15 mA 


Clocked Power f = 1MHz, VCC = MAX, 


Supply Current | Outputs Open ATV750L 


Ind.,Mil. 20 mA 


Output Short 


Circuit Current VouT = 0.5 V -90 mA 


Input Low Voltage -0.6 0.8 


Input High Voltage Vcc+0.75 
lo. = 12 mA Com.,|Ind. 
lol = 8 MA Mil. 


lo. = 24 mA, Com. 


Output Low Vin = VIH Or VIL, 
Voltage Vcc = MIN 


Output High VIN = VIH or VIL, lOH = -100 pA Vcc-0.3 


Voltage Vcc = MIN lon = -4.0 mA 


Operating Modes 


24-Pin DIP Vcc (24) 

28-Pin JLCC 2 Vcc (28) 
"EPLD" x) X 5V 
Program VPP XNu @ X 6V 


PGM Verify Vpp X/VH 5V 
PGM Inhibit VPP X/VH 

Preload #1 X 5V 
Preload #2 X av 


Notes: 1. X can be Vy, or Vi. 
2. Vy = 11.0 V to 14.0 V 


A.C. Waveforms” 


INPUTS,VO 
REG. FEEDBACK 
SYNCH. PRESE} 


CP 
ASYNCH. RESET ae 


REGISTERED Y X OUTPUT OUTPUT y X HIGH Z “TH OUTPUT 
OUTPUTS VALID VALID a \ \ \VALID 
id 


COMBINATORIAL 
OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics 


res rearecieaemngaeome | w [| «tm 
tex |inputtoOupstenable 
tex |inputto ouput sabe 
Fico loecktoout 
ter letecktoreecbax 
rs 
ra 
e 
rm 


p80 
p80 
p58 | tt 
510 
InputSetupTime 8 
a 
Clock Period 
Clockwidh 
Fax |MaximumFrequency | AO 
Cr [cher ewig 
| tan [Asynchronous Reset Recoveyy Time | 80 | 
tae [Asynchronous Reset to Registered Output Reset | __30_ 
tse __|SetupTime, Synchronous Preset | 15 
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ATV750/L 


A.C. Characteristics 


two [Input or FeecbackioNor-Regitored Guim [20 | 8 | a0 | ns 
tex [inputtoouptenable | fm 
(to frostecweansane a fs [me 
cecktooupat ——SSSC~=“<*‘“‘*~*srS*‘“‘éaOCdSSSCte | | 
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Inpaseuptime —SSS~idC 
ee 
oatme Sid 
ceckrerod —SOCSC=“‘*‘*‘“‘*‘“dtCSOS*C*~* 
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s 
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Te 


FMA 


Input Test Waveforms and Output Test Load 
Measurement Levels 5 OV 
3.0V Ri=3 
AC AC 50 MIL} OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS _ LEVEL CL=50pF 


R2=190 
(250 MIL.) J 


tR,tF<Sns (10% to 90%) 
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Functional Logic Diagram ATV750, Upper Half 


(DIP,SMT) 
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ATV750/L 


Functional Logic Diagram ATV750, Lower Half 


(DIP,SMT) 
(18,21) (17,20) (16,19) (15,18) (14,17) (13,16) 


OUTPUT LOGIC 


SYNCHRONOUS PRESET 
(TO ALL REGISTERS) 
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(DIP,SMT) 
AIMEL 7-65 


AIMEL 


Preload of Registered Outputs 


The ATV750’s registers are provided with circuitry to allow 
loading of each register asynchronously with either a high or a 
low. This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. A ViH level 
on the I/O pin will force the register high; a Vir will force it low, 


VH 
PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE |/O’S 


Level forced on registered output Select 


pin during PRELOAD cycle 
VIH 
VIL 
VIH 
VIL 


Power Up Reset 


The registers in the ATV750/L are designed to reset during 
power up. Ata point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 

This feature is critical for state machine initialization. How- 
ever, due to the asynchronous nature of reset and the uncertainty 
of how Vcc actually rises in the system, the following condi- 
tions are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must 
be met before driving the clock term high, and 

3) The signals from which the clock is derived must remain 
stable during tpr. 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


PRELOAD DATA 
OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


Pin State 


Typ Max Units Conditions 


8 pF 
6 8 pF 


independent of the polarity bit (SO) setting. The PRELOAD 
state is entered by placing an 11 V to 14 V signal on pin 8 on 
DIPs, and pin 10 on SMPs. When the clock term is pulsed high, 
the data on the I/O pin is placed into the register chosen by the 
Select Pin. 


tpMIN = 100 ns 


OUTPUT 
VOLTAGE 
REMOVED 


PRELOAD 
DISABLED 


Register #1 state 
after cycle 


Register #2 State 
after cycle 


3.8V 
POWER 
tPR 
REGISTERED 
OUTPUTS tS 
tW 
CLOCK 


Parameter Description Min Typ Max Units 


Power-Up 


1000 ons 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


7-66 ATV 06 SG) .. sebesswwecumemmesinaa: acento aaa ilies 


REET ERRERG Nis on mmrnunemonmemmncmeeneeic ew cweye Py YF SO! 1. 


Using The ATV750’s Many Advanced Features 


The ATV750’s flexibility puts more usable gates in 24 pins than 
other EPLDs. The ATV750/L starts with an architecture similar 
to the popular AT22V 10, and adds several features: 


e Asynchronous Clocks - 
Each of the Flip-Flops in the ATV7SO0/L has a dedicated 
product term driving the clock. The user is no longer con- 
strained to using one clock for all the registers. Buried state 
machines, counters, and registers can all coexist in one de- 
vice, while running on separate clocks. The ATV750/L clock 
period matches that of similar synchronous devices. 

e A Full Bank of 10 More Registers - 
The ATV750/L provides two Flip-Flops for each Output 
Macrocell - a total of 20. Each register has its own clock and 


Programming Software Support 


Software which is capable of transforming Boolean equations, 
state machine descriptions and truth tables into JEDEC files for 
the ATV750/L is available from the following sources: 


reset product terms, as well as its own SUM term. 


e Independent I/O Pin and Feedback Paths - 
Each I/O pin on the ATV750/L has a dedicated input path. 
Each of the 20 registers has individual feedback terms into 
the array. This feature, combined with individual product 
terms for each I/O’s Output Enable, facilitates designs using 
bi-directional I/O buses. 

e¢ Combinable Sum Terms - 
Each Output Macrocell’s two SUM terms can be combined in 
an OR gate before the Output or the Register. This provides 
up to 16 product terms per Output or Flip-Flop. This archi- 
tecture increases the number of usable gates available. 


Data I/O / Futurenet Corp. 
Logical Devices 


- ABEL 2.1, 3.0, and above 
- CUPL 2.15B, and above 


Synchronous Preset and Asynchronous Reset 


One synchronous preset line is provided for all 20 registers in 
the ATV750/L. The appropriate input signals to cause the inter- 
nal clocks to go to a high state must be received during a syn- 
chronous preset. Appropriate setup and hold times must be met, 
as shown in the switching waveform diagram. 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV750/L fuse patterns. Once programmed, the output buffers 
will remain in a high impedance state during verify. 


Erasure Characteristics 


The entire memory array of an ATV750/L is erased after expo- 
sure to ultraviolet light at a wavelength of 2537 A. Complete 
erasure is assured after a minimum of 20 minutes exposure 
using 12,000 uW/cm intensity lamps spaced one inch away 
from the chip. Minimum erase time for lamps at other intensity 


Atmel CMOS EPLDs 


Atmel’s Erasable Programmable Logic Devices utilize an ad- 
vanced 1.5-micron CMOS EPROM technology. This 
technology’s state of the art features are the optimum combina- 
tion for EPLDs: 


e CMOS technology provides high speed, low power, and high 
noise immunity. 

e EPROM technology is the most cost effective method for 
producing EPLDs - surpassing bipolar fusible link technol- 


AIiMEL 


An individual asynchronous reset line is provided for each of the 
20 Flip-Flops. Both Master and Slave halves of the Flip-Flops 
are reset when the input signals received combine so as to force 
the internal resets high. 


The security fuse should be programmed last, as its effect is im- 
mediate. 


ratings can be calculated from the minimum integrated erasure 
dose of 15 W-sec/cm*. To prevent unintentional erasure, an 
opaque label is recommended to cover the clear window on any 
UV erasable EPLD which will be subjected to continuous fluo- 
rescent indoor lighting or sunlight. 


ogy in low cost, 
reprogrammability. 

e EPROM reprogrammability, which is 100% tested before 
shipment, provides inherently better programmability and re- 
liability than one-time fusible PLDs. 

e Atmel’s EPROM process has proven extremely reliable in 
the volume production of a full line of advanced EPROM 
memory products, from 64K to one-megabit devices. 


while providing the necessary 
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ATV750/L 


Ordering Information 


f 
(MHz) Ordering Code Operation Range 


ATV750-20DC 
ATV750-20FC 
ATV750-20GC 
ATV750-20JC 
ATV750-20KC 
ATV750-20LC 
ATV750-20NC 
ATV750-20PC 
ATV750-20SC 
ATV750-20YC 


ATV750-20DI 
ATV750-20F 1 
ATV750-20GI 
ATV750-20ul 
ATV750-20KI 
ATV750-20LI 
ATV750-20NI 
ATV750-20PI 
ATV750-20SI 
ATV750-20Y1 


ATV750-20DM 
ATV750-20FM 
ATV750-20GM 
ATV750-20KM 
ATV750-20LM 
ATV750-20NM 
ATV750-20YM 


ATV750-20DM/883 
ATV750-20FM/883 
ATV750-20GM/883 
ATV750-20KM/883 
ATV750-20LM/883 
ATV750-20NM/883 
ATV750-20YM/883 


ATV750-25DC 
ATV750-25FC 
ATV750-25GC 
ATV750-25JC 
ATV750-25KC 
ATV750-25LC 
ATV750-25NC 
ATV750-25PC 
ATV750-25SC 
ATV750-25YC 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 
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Almet 


Ordering Information 


f 


ATV750-25DI 
ATV750-25F | 
ATV750-25GI 
ATV750-25Jl 
ATV750-25K| 
ATV750-25LI 
ATV750-25NI 
ATV750-25PI 
ATV750-25SI 
ATV750-25Y1 


ATV750-25DM 
ATV750-25FM 
ATV750-25GM 
ATV750-25KM 
ATV750-25LM 
ATV750-25NM 
ATV750-25YM 


ATV750-25DM/883 
ATV750-25FM/883 
ATV750-25GM/883 
ATV750-25KM/883 
ATV750-25LM/883 
ATV750-25NM/883 
ATV750-25YM/883 


ATV750-30DC 
ATV750-30FC 
ATV750-30GC 
ATV750-30JC 
ATV750-30KC 
ATV750-30LC 
ATV750-30NC 
ATV750-30PC 
ATV750-30SC 
ATV750-30YC 


ATV750-30DI 
ATV750-30FI 
ATV750-30GI 
ATV750-30uI 

ATV750-30KI 
ATV750-30LI 

ATV750-30NI 
ATV750-30PI 
ATV750-30SI 
ATV750-30Y1 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 
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ATV750/L 


Ordering Information 


f 


li! = 


Military 
(-55°C to 125°C) 


ATV750-30FM 
ATV750-30GM 
ATV750-30KM 
ATV750-30LM 
ATV750-30NM 
ATV750-30YM 


ATV750-30DM/883 
ATV750-30FM/883 
ATV750-30GM/883 
ATV750-30KM/883 
ATV750-30LM/883 
ATV750-30NM/883 
ATV750-30YM/883 


ATV750-35DC 
ATV750-35FC 
ATV750-35GC 
ATV750-35JC 
ATV750-35KC 
ATV750-35LC 
ATV750-35NC 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 


ATV750-35YC 


ATV750-35DI 
ATV750-35Fl 
ATV750-35GI 
ATV750-35Jl 

ATV750-35KI 
ATV750-35LI 

ATV750-35NI 
ATV750-35PI 
ATV750-35SI 
ATV750-35Y1 


ATV750-35DM 
ATV750-35FM 
ATV750-35GM 
ATV750-35KM 
ATV750-35LM 
ATV750-35NM 
ATV750-35YM 


ATV750-35DM/883 
ATV750-35FM/883 
ATV750-35GM/883 
ATV750-35KM/883 
ATV750-35LM/883 
ATV750-35NM/883 
ATV750-35YM/883 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
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AIMEL 


Ordering Information 


tPD tco fMAX 
(MHz) Ordering Code Operation Range 


ATV750-40DI 
ATV750-40F I 
ATV750-40GI 
ATV750-40Jl 
ATV750-40KI 
ATV750-40LI 
ATV750-40NI 
ATV750-40PI 
ATV750-40S| 
ATV750-40Y1 


ATV750-40DM 
ATV750-40FM 
ATV750-40GM 
ATV750-40KM 
ATV750-40LM 
ATV750-40NM 
ATV750-40YM 


ATV750-40DM/883 
ATV750-40FM/883 
ATV750-40GM/883 
ATV750-40KM/883 
ATV750-40LM/883 
ATV750-40NM/883 
ATV750-40YM/883 


5962-88726 04 LX 24DW3 
5962-88726 04 3X 28LW 
5962-88726 03 LX 24DW3 
5962-88726 03 3X 28LW 
5962-88726 02 LX 24DW3 
5962-88726 02 3X 28LW 


5962-88726 01 LX 
5962-88726 01 3X 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
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ATV750/L 


Package Type 
| 24DW3 24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 


zac 

| 2403s 24 Lead, 0.300" Wide, Non-Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 
| 28) | 28 Lead, Plastic J-LeadedChipCarierOTP(PLCC) 
| 28KW 28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 

24P3 | 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
| 248 | _24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP(SOIC) 
| 2acw 


24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
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Ordering Information 


t f 
(MHz) Ordering Code Operation Range 


ATV750L-25DC 
ATV750L-25FC 
ATV750L-25GC 
ATV750L-25JC 
ATV750L-25KC 
ATV750L-25LC 
ATV750L-25NC 
ATV750L-25PC 
ATV750L-25SC 
ATV750L-25YC 


ATV750L-25DI 
ATV750L-25F 1 
ATV750L-25GI 
ATV750L-25Jl 
ATV750L-25KI 
ATV750L-25LI 
ATV750L-25NI 
ATV750L-25PI 
ATV750L-25SI 
ATV750L-25Y1 


ATV750L-25DM 
ATV750L-25FM 
ATV750L-25GM 
ATV750L-25KM 
ATV750L-25LM 
ATV750L-25NM 
ATV750L-25YM 


ATV750L-25DM/883 
ATV750L-25FM/883 
ATV750L-25GM/883 
ATV750L-25KM/883 
ATV750L-25LM/883 
ATV750L-25NM/883 
ATV750L-25YM/883 


ATV750L-30DC 
ATV750L-30FC 
ATV750L-30GC 
ATV750L-30JC 
ATV750L-30KC 
ATV750L-30LC 
ATV750L-30NC 
ATV750L-30PC 
ATV750L-30SC 
ATV750L-30YC 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 
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ATV750/L 


Ordering Information 


tPD tco fMAX ; ; 
(ns) (ns) (MHz) Ordering Code Package Operation Range 


|| 


ATV750L-30FI 
rR 


Industrial 
(-40°C to 85°C) 


ATV750L-30GI 
ATV750L-30JI 
ATV750L-30KI 
ATV750L-30LI 
ATV750L-30NI 
ATV750L-30PI 
ATV750L-30SI 
ATV750L-30Y1 


ATV750L-30DM 
ATV750L-30FM 
ATV750L-30GM 
ATV750L-30KM 
ATV750L-30LM 
ATV750L-30NM 
ATV750L-30YM 


Military 
(-55°C to 125°C) 


ATV750L-30DM/883 Military/883C 
ATV750L-30FM/883 (-55°C to 125°C) 
ATV750L-30GM/883 Class B, Fully Compliant 


ATV750L-30KM/883 
ATV750L-30LM/883 
ATV750L-30NM/883 
ATV750L-30YM/883 


5962-88726 07 LX 
5962-88726 07 3X 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
5962-88726 07 LX Military/883C 

5962-88726 07 3X (-55°C to 125°C) 
Class B, Fully Compliant 


Package Type 
| 24DW3 24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
24C 24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 


| 24D3 24 Lead, 0.300" Wide, Non-Windowed (OTP) Ceramic Dual Inline Package (Cerdip) 


28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


| 28KW 28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 

28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 

28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 
24 Lead, 0.300” Wide, Plastic Dual Inline Package OTP (PDIP) 


| 245 | 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
| 2acw 24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
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Using the ATV750 with ABEL™ and CUPL™ 


Typical applications for first and second 
generation PLDs include address decoding 
and counting. Here is an example using the 
ATV750, a third generation PLD, to imple- 
ment a more complex counter. The follow- 
ing pages show example input listings for 
ABEL™ andCUPL™, 


The first listing is for ABEL™ 3.0. The sec- 
ond listing is for CUPL™ 2.15b. 


This design uses all twenty flip-flops of the 
ATV750 to build a 20-bit synchronous 
/asynchronous counter. With COUNT high 
and COUNT10, PRESET, RESET, Q1SEL, 
and OE low, a 1-MHz signal on the CLK pin 
will produce roughly a 1-Hz signal on pin 
23% 


The unique architecture of the macrocell 
gives the ATV75S0 its versatility and also in- 
creases gate utilization. Each of the twenty 
registers has its Q and Q feeding back to the 
array. 


The Output Registers (QO’s) can be ad- 
dressed directly (by the pin names in 
ABEL™; in CUPL™ define PINNODES 35 
through 44). However, to access the Buried 
Registers (Q1’s), the corresponding nodes 
have to be named (nodes 26 through 35 in 
ABEL™, PINNODEs 25 through 34 in 
CUPL™). They are called B14, B15,...B24 
to show the correspondence with their QO 
counterparts. Any valid identifier can be 
used as a node name. 


The ATV7S0 provides a global synchronous 
Preset which is accessible through the node 
definition or by extension. Each of the 
twenty flip-flops has its own clock, reset and 
sum term (not like a second generation PLD 
that allows only one clock and one reset for 
all registers). Use the ‘.CK’ extension in 
conjunction with the named registers to de- 
fine the equations for the clock inputs for all 
the registers. Use the ‘.RE’ command fol- 
lowing the named registers to define the 
reset terms. 


The ATV750 gives the user a total of eight 
choices to configure each output. The oper- 
ators ‘:=’ and ‘=’ inform ABEL™ the output 
is registered or combinatorial, respectively. 
In CUPL™, use of the .Q extension defines 
a registered output. Use the ‘!’ operator to 
define an active low output; active high out- 
put is assumed by default. Another conve- 
nient method is to use the ‘ISTYPE’ state- 
ment (ABEL™ only) to define the outputs 
as high/low and registered/combinatorial. 
(Note: the ATV22V10 is defined the same 
way.) 


The ATV750 has an advanced feature that 
lets the user combine or separate the sum 
terms in each macrocell. By default, the 
terms are combined. In CUPL™ and 
ABEL™, using the buried register automat- 
ically splits the sum terms. 


Sets (ABEL™) or fields (CUPL™) are often 
defined for ease of referencing a group of 
signals or constants. In this particular exam- 
ple, OUTS is a collection of outputs used in 
the OE definition. Out is a reserved word in 
CUPL, and Ouch was used instead. 


When PRESET and COUNT are asserted 
and the Clk pin goes high, all registers, even 
the asynchronously clocked ones, will go to 
the ‘one’ state. This is because as each flip- 
flop goes high, it forces the clock of the next 
flip-flop high, rippling the preset condition 
throughout the entire bank. To reset the out- 
put registers and the buried registers, simply 
have RESET high and vary !QISEL 
accordingly. 


The O registers pair with the corresponding 
B registers to form ten two-bit synchronous 
counters. These are clocked by the preced- 
ing pair’s output, thus forming a 20-bit 
counter. The last product term for the ‘O’ 
logic changes this device into a ten-bit 
counter with the output register mimicking 
the B registers. This provides observability, 
and a handy test mode. Test vectors take full 


AIMEL 


High Density 
UV Erasable 


Programmable 


Logic Device 


Application 
Brief 


advantage of ABEL™’s and CUPL™’s ability to simulate the 
device before programming. This feature can save hours of test- 
ing and enable the user to make the necessary changes in sec- 


AIMEL 


ABEL™ and CUPL™ may be trademarks of others. 


ABEL™ Example 


module EX3 


title ‘20 Bit Counter for Atmel’s ATV750 


EX375 device 'P750’; 


Clk 

COUNT, COUNT10, PRESET 
RESET, Q1SEL , OE 
014,015,016,017,018 
019, 020,021,022; G23 
B14,B15,B16,B17,B18 
B19, B20, B21, B22, B23 
i Nodes 
a 26.200 
"Sets 


OUTS=[023, 022,021,020,019,018,017,016,015,014]; 
Li Oy vy cay sak 


H, L, 2, C, X = 
Equations 

014.RE = O14. 
B14.RE = B14 
015..RE = O15. 
B15.RE = B15 
O16.RE = O16. 
B16.RE = B16 
017.RE = O17. 
B17.RE = B17 
018.RE = O18. 
B18.RE = B18 
019.RE = O19. 
B19.RE = B19 
020.RE = O20. 
B20.RE = B20 
021.RE = O21. 
B21.RE = B21 
O022.RE = O22. 
B22.RE = B22 
023.RE = 023. 
B23.RE = B23 
014.C = Clk 
B14.CK = Clk 
O15.CK = 014. 
Bio «Ch = 014. 
016.CK = O15. 
B16.CK = O15. 
017.CK = O16. 
B17.CK = O16. 
018.CK = O17. 
B18.CK = O17. 
019.CK = 018. 
B19.CK = O18. 
020.CK = 019. 
B20.CK = 019. 
021.CK = 020. 
B21.CK = 020. 
022 .€K = 021. 
B22 .CK = O21. 
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Q 
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pin 
pin 
pin 
pin 
pin 
node 
node 


Description 
Ol for pins 14 to 23 


& RESET 
RESET & 
& RESET 
RESET & 
& RESET 
RESET & 
& RESET 
RESET & 
& RESET 
RESET & 
& RESET 
RESET & 
& RESET 
RESET & 
& RESET 
RESET & 
& RESET 
RESET & 
& RESET 
RESET & 
COUNT; 

COUNT; 

COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 


MM MM BS BM BM SB BM BM BSB BW |S KS BS KM 


1; 
ay Oy St 
5, kis aoe 


14,15, 16,17,183 
19,20; 21,22; 237 
26,2 7,208,259, 307 
J1 932,93 ,34, 355 


& !Q1SEL; 
OI SEL? 
& !Q1SEL; 
O1SEL; 
& !Q1SEL; 
Q1SEL; 
& !O1SEL; 
Q1SEL; 
& !Q1SEL; 
O1SEbe 
& !Q1SEL; 
OLSEL; 
& !Q1SEL; 
Q1SEL; 
& !Q1SEL; 
Q1SEL; 
& !Q1SEL; 
Q1SEL; 
& !Q1SEL; 
Q1SEL; 


"Synchronous 


"Asynchronous 


onds without ever leaving his or her PC. Therefore, it is highly 
recommended to take the time to write a comprehensive set of 
test vectors; this will reduce the time spent on the test bench. 


O23 .CK 
B23 .CK 
B14 
{O14 


B15 
1015 


B16 
1016 


Bl7 
lO17 


B18 
1018 


B19 
1O13 


B20 
!020 


B21 
1OZ1. 


B22 
L022 


B23 
1023 


023.PR 
ENABLE OUTS 
End 


O022.Q & COUNT; 

022.Q & COUNT; 

'1B14; 

1014.0 & B14 & 
014.0 & !Bl14 & 

'B14 & COUNT10; 
1B15; 

'015.Q0 & B15 & 

015.Q & !B15 & 

'B15 & COUNT10; 
'B16; 

'016.Q & Bl6 & 

016.Q & !Bl6 & 

!B16 & COUNT10; 
'B1l7; 

'017.Q & Bl? & 

017.0 & !B17 & 

'B17 & COUNT10; 
'B18; 

'018.0 & Bl18g & 

018.Q & !B18 & 

'B18 & COUNT10; 
1B19; 

'019.0 & B19 & 
019.0 & !B19 & 

'B19 & COUNT10; 
'B20; 

'020.Q0 & B20 & 

020.Q & !B20 & 

'B20 & COUNT10; 
'B21; 

'021.Q0 & B21 & 

021.Q & !B21 & 

'B21 & COUNT10; 
{B22 ; 

'022.Q & B22 & 

022.Q0 & !B22 & 

'B22 & COUNT10; 
'B23 ? 

'023.Q & B23 & 


023.0 & !B23 & 
'B23 & COUNT10; 
PRESET; 

LOR; 


!COUNT10 
!COUNT10 


!COUNT10 
!COUNT10 


!COUNT10 
!COUNT10 


!COUNT10 
!COUNT10 


!COUNT10 
!COUNT10 


!COUNT10 
!COUNT10 


!COUNT10 
!COUNT10 


!COUNT10 
!COUNT10 


!COUNT10 
!COUNT10 


!COUNT10 
!COUNT10 
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CUPL™ Example 

Name EX75; Q21.CK = Q20 & COUNT; 

Company Atmel; B21.CK = Q20 & COUNT; 

Device V750; O22 «CK = Q21 & COUNT; 

[RR KK I II RIKI IKI I III I / B22.CK = Q21 & COUNT; 

/** Allowable Target Device Types :V750 */ Q23.CK = Q22 & COUNT; 

eh ee ee ee ee ee ee ee B23.CK = Q22 & COUNT; 
/**TInputs wx / B14.D = !B14; 

PIN [1..4] =  [Clk,COUNT,COUNT10,PRESET] ; Q14.D = !014 & B14 & !COUNT10 
PIN [5,11,13] = RESET,Q1SEL, OE; # O14 & !B14 & !COUNT10 
/**Outputs**/ # !B14 & COUNT10; 

PIN [14..23] = [Q14..Q23]; /* Pin Outputs*/ /* Equations for both the B and the Q 
/*The easiest way to access the buried nodes automatically */ 

in CUPL*/ /*tells CUPL to set the ‘split’ SUM term’s 
/*Refer to the I/O pins by their pin names, architecture bit.*/ 

and the */ B15.D = !B15; 

/* QO and Q1 outputs by their pinnode names*/ O15 ..0 = !015 & B15 & !COUNT10 
PINNODE [25..34] = [Bl14..B23]; /* Ql nodes*/ # Q15 & !B15 & !COUNT10 
field BEES = [B23..B14]; /*Q1 field*/ # !B15 & COUNTI10; 

field Ohi = [023..019]); /*output hi field*/ B1l6.D = !Bl16; 

field Olo = [018..014]; /*output low field*/ Q16.D = !Q16 & B16 & !COUNT10 
field Ouch = [023..014]; /*outputfield*/ # O16 & !B16 & !COUNT10 
/** Logic Equations **/ # !B16 & COUNT10; 

/* The Asynch. Reset terms use the .AR BL? .D = !B17; 

extension*/ O17 .D = !Q17 & B17 & !COUNT10 
Q14.AR = Q14 & RESET & !Q1SEL; # O17 & !B17 & !COUNT10 
B14.AR = B14 & RESET & Q1SEL; 2 !'B17 & COUNT10; 
Q15.AR = Q15 & RESET & !Q1SEL; B18.D = !B18; 

B15.AR = B15 & RESET & Q1SEL; O018.D = '918 & B18 & !COUNT10 
Q16.AR = Q16 & RESET & !Q1SEL; # Q18 & !B18 & !COUNT10 
B16.AR = B16 & RESET & Q1SEL; # !B18 & COUNT10; 
Q17.AR = Q17 & RESET & !Q1SEL; B19.D = 1B19; 

B17.AR = Bl? & RESET & Q1SEL; Q19.D = 'Q019 & B19 & !COUNT10 
Q18.AR = Q18 & RESET & !Q1SEL; # O19 & !B19 & !COUNT10 
B18.AR = B18 & RESET & Q1SEL; # !B19 & COUNTI10; 
Q19.AR = Q19 & RESET & !Q1SEL; B20.D = !B20; 

B19.AR = B19 & RESET & Q1SEL; 020.D = '020 & B20 & !COUNT10 
Q20.AR = Q20 & RESET & !Q1SEL; # Q20 & !B20 & !COUNT10 
B20.AR = B20 & RESET & Q1SEL; # !B20 & COUNT10; 
Q21.AR = Q21 & RESET & !Q1SEL; B21.D = iB2l; 

B21.AR = B21 & RESET & QI1SEL; 021.D = !021 & B21 & !COUNT10 
Q22.AR = Q22 & RESET & !Q1SEL; # O21 & !B21 & !COUNT10 
B22.AR = B22 & RESET & Q1SEL; # !'B21 & COUNT10; 
Q23.AR = Q23 & RESET & !Q1SEL; B22.D = 1B22; 

B23.AR = B23 & RESET & Q1SEL; O22.D = 1022 & B22 & !COUNT10 
/* The Clock lines are accessed with the .CK # Q22 & !B22 & !COUNT10 
extension*/ # !B22 & COUNT10; 
Q14.CK = Clk & COUNT; B23.D = !B23; 

B14.CK = Clk & COUNT; /* Synchronous */ Q23.D = !0Q23 & B23 & !COUNT10 
015 .CK = Q14 & COUNT; # Q23 & !B23 & !COUNT10 
B15.CK = Q14 & COUNT; /* Asynchronous*/ = !B23 & COUNT10; 
O16.CK = Q15 & COUNT; /*Only one synch preset equation is required*/ 
B16.CK = Q15 & COUNT; O23, SP = PRESET; 

Q17.CK = Q16 & COUNT; /*Use the .OE extension for the OE product 
B17.CK = Q16 & COUNT; term*/ 

Q18.CK = Q17 & COUNT; 014.0e = !0OE ; 019.0e=!0E ; 
B18.CK = Q17 & COUNT; 015.0e = !0E ; O020.0e=!0E ; 
Q19.CK = Q18 & COUNT; 016.0e = !0E ; O21.0e=!0E ; 
BlS.CK = Q18 & COUNT; 017.0e = !0OE ; O22.0e=!0E ; 
Q20.CK = Q19 & COUNT; 018.0e = !OE ; 023.0e=!0E ; 
B20.CK = Q19 & COUNT; 
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Features 
e Low Voltage Programmable Logic Device 


ATV750LV/LVL 


Wide Power Supply Range - 3.0 V to 5.5 V 

ideal for Battery Powered Systems 
High Speed Operation 

25 ns Max Propagation Delay at Vcc = 3.0 V 
Low Power, Three-Volt CMOS Operation 
ATV750LV 

Com. / Mil. Com. / Mil. 

4/7 40/50 


Icc iA} 


Flexible Output Logic 
20 Flip-Flops - 10 Extra 
All Can Be Individually Buried or 10 Con 
Each has Individual Asynchronous Rese 
Multiple Feedback Paths Provide for Buried S 
and I/O Bus Compatibility : 
Proven and Reliable High aa cmos 
2000 V ESD Protection 
200 mA Latchup Immunity | 


Information 


imum power CMOS EPLD solution, with low D.C. 
3.3 V) and full CMOS output levels. The ATV7SOLVL signif- 


( Cantinied on next page) 
IN IN VCG WO 


Vcc IN > vO 
vO 


1 
mek r 
———— Name Function IN Me) 
oN ro 
we ic Inputs - 38 2¢ * 
g p VO IN vO 
v0 _| Bidirectional Buffers me) IN vO 
me) IN vO 
7 ena Internal Connection “4 15 
/ 
Iveco IN IN - 0 
wey Suny IN GND IN I/O 
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Description (Continued) 


The ATV750LV/LVL is 100% more powerful than most other 
programmable logic devices in 24-pin packages. Increased 
Product terms, SUM Terms, and Flip-Flops translate into more 
usable gates. 


The ATV750LV/LVL has more flip-flops available than other 
EPLDs in this density range. Complex state machines are easily 
implemented. 
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Product terms are available providing Asynchronous Resets, 
Flip-Flop clocks, and Output Enables. One reset and one clock 
term are provided per Flip-Flop, with one Enable term per out- 
put. One product term provides a global synchronous Preset. 
Register Preload simplifies testing. The device has an internal 
power up clear function. 
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Features 


e Third Generation Programmable Logic Structure 

Easily Achieves Gate Utilization Factors of 80 Percent 
e Increased Logic Flexibility 

86 Inputs and 72 Sum Terms 
e Flexible Output Macrocell 

48 Flip-Flops - 2 per Macrocell 

3 Sum Terms - Can Be OR’ed and Shared 
e High Speed . . 
e Low Power - Less than 0.5 mA Typical (ATV2500L) High Density 
e Multiple Feedback Paths Provide for Buried State Machines 

and /O Bus Compatibility UV Erasable 
e Asynchronous Clocks and Resets 


Multiple Synchronous Presets - One per Four or Eight Flip-Flops Prog rammable 
Logic Device 


e Proven and Reliable High Speed CMOS EPROM Process 
2000 V ESD Protection 
200 mA Latchup Immunity 

e Reprogrammable - Tested 100% for Programmability 

e 40-pin Dual-in-line and 44-Lead Surface Mount Packages 


Block Diagram 


Programmable (Control Lines) 
Interconnect 
and 
Combinatorial Output 


Logic Array Macros 


14 
Input 
Pins 


Description 

The ATV2500H/L is the most powerful programmable logic device available in a 40 pin 
package. Increased Product terms, Sum Terms, and Flip-Flops translate into many more 
usable gates. High gate utilization is easily obtainable. 

The ATV2500H/L is organized around a global bus. All pin and feedback terms are always 
available to every Logic Cell. Each of the 38 logic pins and their complements are array 
inputs, as well as the true and false outputs of each of the 48 Flip-Flops. 

There are 416 Product Terms available. Four Product Terms are input to each Sum Term. The 
three Sum terms per Logic Cell can be combined to provide up to 12 Product Terms, Combi- 
natorial and Registered. Independent of output configuration, the two Flip-Flops are always 
usable, and always have at least four Product Term inputs. 

Product terms are available providing Asynchronous Resets, Flip-Flop clocks, and Output 
Enables. One reset and one clock term are provided per Flip-Flop, with one Enable term per 
output. Eight product terms provide local Synchronous Presets, divided up into banks of four 
and eight Flip-Flops. Register Preload and buried register observability simplify testing. The 
device has an internal power up clear function. 


Pin Configurations 


IN [egies 


/0,1,3,5.. |"Odd" I/O Buffers 
No Internal 
Connection 


+5 V Supply 
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Functional Logic Diagram ATV2500H/L 


INPUT TERMS 0,1,2,3,4,5,... 86..91 


PIN # 
(DIP,JLCC) 
(17,19) 1 
(18,20) | 
(19,21) 1 
(20,22) | 
(21,23) 1 
(22,24) | 
(23,25) | 
(3,3) 1 
(2,2) 1 
"1 Ec) ae | 
(40,44) 1-3 
(39,43) 1 \cs——+ | GLOBAL BUS 
(38,42) | > en 
(37,41) | 4S 
36...49 . : 
92-97 
98-103.” 6 
104-109 Pd , 
110-115 -. 
116-121 
166-171 
160-165 
154-159 | 
148-153 "ig 
142-147 * 
136-141 é 
05 ‘ 
o 6-1 1 6 
12-17 | 6 
* 18-23 6 
- 24-29 6 
° 30-35 6 
°80-85 
74-79 
68-73 , 6 
62-67 ‘ 
56-61 - 6 
50-55 3 6 


169,170,171 


_—- 
~“ 
LS) 


‘ 
~“ 
Ly) 


172. = 


172,” 


Vi2 ~ 


= 
~“ 
Le) 

J 


= 
~S 
Ls) 

« 


—_ 
~ 
no 


172,” 


1f2,.= 


AR 
~ 
Las) 


—- 
“I 
La) 


PIN # 
(DIP, JLCC) 


Ka 
10-23 (29,32) 


~<a 
— 10-22 (28,31) 


KA 
—|vo-21 (27,30) 
—| 0-20 (26,29) 
| vo-19 (25,28) 
2 
— _J10-18 (24,27) 


| "0-17 (11,13) 
— So-16 (12,14) 


Ka 
Pan a en pen re we el YAO 15 (13,15) 
KA 


| 10-14 (14,16) 
2 

— 10-13 (15,17) 
| 


— 110-12 (16,18) 


a eH (31,35) 


— Sito (32.38) 


KA 
a 1 0-9 = (93,97) 
a ee | 0-8 (34,38) 


VO-7 (35,39) 
— 10-6 (36,40) 


a ae ee mn VO-5 (9,10) 


3 

—— — — — — — — — -|W3 (78) 
3 

i a a nS (8,7) 

—————  — — + 104 (5,6) 
irs 


—t04 (89) 
—. _}vo-0 (4,5) 
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Functional Logic Diagram Description Absolute Maximum Ratings* 


The ATV2500H/L Functional Logic Diagram describes the in- 
terconnections between the input, feedback pins and Logic Temperature Under Bias -55°C to +125°C 
Cells. All interconnections are routed through the Global Bus. 


ie) oO 
The ATV2500H/L is a straightforward and uniform EPLD. The a li a ee Dtee"G 
24 Macrocells are numbered 0 through 23. Each Macrocell con- Voltage on Any Pin with 
tains 17 AND gates. All AND gates have 172 inputs. The five Respect to Ground -2.0 V to +7.0 V"") 
lower product terms provide AR1, CK1, CK2, AR2, and OE. 
These are: one asynchronous reset and clock per Flip-Flop, and Voltage on Input Pins 
an Output Enable. The top 12 product terms are grouped into with Respect to Ground 
three sum terms, which are used as shown in the Macrocell dia- During Programming -2.0 V to +14.0 Vv") 
er _— — Programming Voltage with 
Eight Synchronous Preset terms are distributed in a 2/4 pattern. Respect to Ground -2.0 Vto +14.0 Vv") 
The first four Macrocells share Preset 0, the next two share Pre- 
set 1, and so on, ending with the last two Macrocells sharing Integrated UV Erase Dose 7258 W-sec/cm* 
Preset 7. 
The 14 dedicated inputs and their complements use the num- *NOTICE: Stresses beyond those listed under "Absolute Maxi- 
bered positions in the global bus as shown. Each Macrocell pro- mum Ratings" may cause permanent damage to the device. 
vides six inputs to the global bus: (left to right) Flip-Flop Q2 This is a stress rating only and functional operation of the de- 


vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 

Exposure to absolute maximum rating conditions for extended 1 
periods may affect device reliability. 


true and false, Flip-Flop Q1 true and false, and the pin true and 
false. The positions occupied by these signals in the Global Bus 
are the six numbers in the bus diagram next to each Macrocell. 


Note: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+0.75 V de which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


Operating Modes 
40-Pin DIP 21 2 38 23 20 Vcc(10) Odd Even 
44-Pin JLCC 23 2 42. 25 22 Voc(11,12) VOs VOs 
“EPLD" x x KX xX Xx 5V VO VO 
Program Vep X X xX Vy 6V Din N.C. 


PGM Verify Vpp X xX X VIL 6V DouT VOH 
PGM Inhibit Vpp X xX X VIH 6V High Z High Z 
Preload Q1 Su X Vi Vit/ViH VIL 5V Din(Even/Odd) VIH 
Preload Q2 SL X Vi VWVIH VIH 5V Din(Even/Odd) VIH 
Observe Q2 X VH X X X 5V DouT DouT 


Notes: 1. X can be Vy, or Vin. 
2. Vy = 11.0 V to 14.0 V 
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Output Logic, Registered “’ 


Output Logic, Combinatorial “’ 


=~ 5>e enon es 


Note: 1. These diagrams shows equivalent logic functions, not necessarily the actual circuit implementation. 


Terms In 
S2 Si So D1 D2 Output Configuration 


po 0 0 | 8 4 | Registered (21) 
po 1 0 | 12 4 | Registered (a1) 


Note: 1. These 4 terms are shared with D1. 


Output Configuration 
po tv tow 


Active High 


D.C. and A.C. Operating Conditions 
ATV2500H-25 
0°C - 70°C 
-40°C - 85°C 
Mil. -55°C - 125°C 

5 V+ 10% 


12) 1°) 
Operating Com. 0-C- 70°C 
Temperature nq. 


(Case) 


5V+ 10% 


Voc Power Supply 
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ATV2500H/L-30 ATV2500H/L-35 


-40°C - 85°C 
-55°C - 125°C 


Terms In 
D1 Output Configuration 


Pa Combinatorial (8 Terms) 
oe a a Combinatorial (4 Terms) 
+10 | a a | combinatorial (12 Terms) 


Note: 1. These 4 terms are shared with D1. 


Output Configuration 
po | Actvelow 
pt | Active High 


ATV2500L-40 
o°CG - 70°C 
-40°C - 85°C 
-55°C - 125°C 
5V+10% 


ATV2500L-45 
0°C - 70°C 
-40°C - 85°C 
-55°C - 125°C 
5 V+ 10% 


-40°C - 85°C 
-55°C - 125°C 
5V+ 10% 
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D.C. Characteristics 
Symbol Parameter 
IL Input Load Current 


Output Leakage 


ILO Current 


Power Supply 
Current 


Clocked Power 
Supply Current 
(ATV2500L) 


Output Short 
Circuit Current 


Input Low Voltage 
Input High Voltage 


Output Low Voltage 


Output High Voltage 


Notes: 


ATV2500H/L 


Condition 
Vin = -0.1 V to Voc+1 V 


Vout = -0.1 V to Vcc+0.1 V 


Com. 
Ind.,Mil. 


Com. 
ATV2500H 
Ind.,Mil. 


ATV2500L 


Vcc = MAX, 
Vin = GND or Voc 
Outputs Open 


f = 1MHz, 
Voc = MAX 
Outputs Open 


Vout = 0.5 V 


0.8 
Voc+0.75 


VIN = ViH or VIL, 
loL = 8 MA Com, Ind; 6 mA Mil. 


IOH = -100 pA 


IOH = -4.0 MA 


1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 sec.This parameter is 


only sampled and is not 100% tested. See Absolute Maximum Ratings. 


Pin Capacitance 


Note: 


(f = 1 MHz, T = —— - 


Units Conditions 
a 


1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 
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A.C. Waveforms” 


REG. FEEDBACK 
SYNCH. PB 
wee 
ASYNCH. RESET a a ee 
tCO tAP tER tEA 

REGISTERED Tay OUTPUT OUTPUT \V/\/ HIGH Z TF Vewrpur 
OUTPUTS /\/\ VALID VALID = /\ /\ L \ \ WALID 

tPD tER tEA 
COMBINATORIAL \/ oz 
OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics for the ATV2500L 


ATV2500L-30 | ATV2500L-35 | ATV2500L-40 | ATV2500L-45 
Parameter ee ee 


Input or Feedback to 
Non-Registered Output 


30 
Input to Output Disable 
Clock to Output 
10 
30 
33 


Symbol 


Clock to Feedback 

Input Setup Time, Output 
Register 

Input Setup 
Time, Buried Register'" 


tEA 
tco 
tcF 
tSF Feedback Setup Time 10 

Hold Time, Output Register 1000 
tHe Hold Time, Buried Register'") 5B 
tw | Gook wit re 

Clock Period Ee 
FéMax | Maximum Frequency (1/tp) Le 
taw Asynchronous Reset Width 1 


18 
Asynchronous Reset 18 
Recovery Time 
Asynchronous Reset to 
Registered Output Reset pm | ww 


Note: 1. Buried registers include all 24 Q2 registers and any of the 24 Q1 registers in macrocells configured as combinatorial. 
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ATV2500H/L 


A.C. Characteristics for the ATV2500H 


maileae 2 ee ee 
a ey nn 
ex [npttooupatenase | || 
Pier [nptto ouputdisabe | as | |e 
Fico |chckiooupt «| tos S| tems 
ice chckioFeedtack «| 10s S| te Os 


Input Setup 
Time, Output Register 


er 


t 
: 
rune [MaimmFreqenoytiny | | we || 


Asynchronous Reset 

ow (a pe fee 
Asynchronous Reset 

jm [fomenworousresst se ms 
Asynchronous Reset to 30 35 
Registered Output Reset 


Note: 1. Buried registers include all 24 Q2 registers and any of the 24 Q1 registers in macrocells configured as combinatorial. 


SF 
H1 
tw 


Input Test Waveforms and Output Test Load 
Measurement Levels eae 
3.0V 
R1=450 
AC AC 
DRIVING 1.5V MEASUREMENT poem) ail 
LEVELS LEVEL 


R2=250 
(280 MIL.) a 
tR,tF<Sns (10% to 90%) 
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Preload and Observability of Registered Outputs 


The ATV2S500H/L’s registers are provided with circuitry to 
allow loading of each register asynchronously with either a high 
or a low. This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. A V1H level 
on the Odd I/O pins will force the appropriate register high; a 
Vix will force it low, independent of the polarity or other con- 
figuration bit settings. 


The PRELOAD state is entered by placing an 11 V to 14 V sig- 
nal on pin 38 on the DIP and pin 42 on the SMP. When the clock 


VH 
PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE |/O’S 


Level forced on Q Select Even/ 
Odd 1/O pin during Pin Odd 
PRELOAD cycle. State Select 


Power Up Reset 


The registers in the ATV2500H/L are designed to reset during 
power up. Ata point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must 
be met before driving the clock term high, and 


3) The signals from which the clock is derived must remain 
stable during tpr. 
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PRELOAD DATA 
OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


state after 


term is pulsed high, (pin 21 on the DIP, pin 23 on the SMP) the 
data on the I/O pins is placed into the 12 registers chosen by the 
Q Select and Even/Odd Select Pins. 

Register 2 Observability Mode is entered by placing an 11 V to 
14 V signal on pin 2 (DIP or SMP). In this mode, the contents 
of the Buried Register bank will appear on the associated out- 
puts when the OE control signals are active. 


tomIN = 100 ns 


OUTPUT 
VOLTAGE 
REMOVED 


PRELOAD 
DISABLED 


Even Q1 Even Q2 
state after 


cycle 


Odd Q1 
state after 
cycle 


Odd Q2 
state after 


cycle cycle 


3.8V 
POWER 
tPR 
REGISTERED 
OUTPUTS tS 
tW 
CLOCK 


Parameter Description Min Typ Max Units 


1000 ons 


Power-Up 
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Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV2500H/L fuse patterns. Once programmed, the outputs 
will read programmed during verify. The security fuse should 


Atmel CMOS EPLDs 


Atmel’s Erasable Programmable Logic Devices utilize an ad- 
vanced 1.25-micron CMOS EPROM technology. This 
technology’s state of the art features are the optimum combina- 
tion for EPLDs: 


* CMOS technology provides high speed, low power, and high 
noise immunity. 

¢ EPROM technology is the most cost effective method for 
producing EPLDs - surpassing bipolar fusible link technol- 


be programmed last, as its effect is immediate. 
The security fuse also inhibits Preload and Q2 observability. 


ogy in low cost, 
reprogrammability. 

® EPROM reprogrammability, which is 100% tested before 
shipment, provides inherently better programmability and re- 
liability than one-time fusible PLDs. 


¢ Atmel’s EPROM process has proven extremely reliable in 
the volume production of a full line of advanced EPROM 
memory products, from 64K to one-megabit devices. 


while providing the necessary 


Using The ATV2500’s Many Advanced Features 


The ATV2500H/L’s flexibility puts more usable gates in 40 
pins than other EPLDs. Some of the ATV2500H/L’s key fea- 
tures are: 

¢ Asynchronous Clocks - 

Each of the Flip-Flops in the ATV2500H/L has a dedicated 
product term driving the clock. The user is no longer con- 
Strained to using one clock for all the registers. Buried state ma- 
chines, counters, and registers can all coexist in one device, 
while running on separate clocks. The ATV2500H/L clock pe- 
riod matches that of similar synchronous devices. 

° A Total of 48 Registers - 

The ATV2500H/L provides two Flip-Flops for each Output 
Macrocell - a total of 48. Each register has its own clock and 
reset product terms, as well as its own SUM term. 

© Independent I/O Pin and Feedback Paths - 


Each I/O pin on the ATV2500/H has a dedicated input path. 
Each of the 48 registers has individual feedback terms into the 


Programming Software Support 


Software which is capable of transforming Boolean equations, 
state machine descriptions and truth tables into JEDEC files for 
the ATV2500H/L is currently available from the following 
sources: 


Erasure Characteristics 


The entire memory array of an ATV2500H/L is erased after ex- 
posure to ultraviolet light at a wavelength of 2537 A. Complete 
erasure is assured after a minimum of 20 minutes exposure 
using 12,000 uW/cm? intensity lamps spaced one inch away 
from the chip. Minimum erase time for lamps at other intensity 


array. This feature, combined with individual product terms for 
each I/O’s Output Enable, facilitates designs using bi-direc- 
tional I/O buses. 


© Three Sum Terms per Macrocell - 


The ATV2500H/L Macrocell can be configured with one Sum 
term feeding the output, and still have two Sum terms feeding 
the Flip-Flops. This is the simplest method for interfacing with 
an I/O bus, and no Flip-Flops need be sacrificed. 


® Combinable Sum Terms - 


Each Output Macrocell’s three SUM terms can be combined in 
an OR gate before the Output or the Register. This provides up 
to 12 product terms per Output or Flip-Flop. When the Regis- 
tered Output configuration is chosen, eight terms are automati- 
cally available to D1. The four terms feeding D2 can also be 
shared with D1, giving it a total of 12. In the combinatorial 
mode, four, eight, or 12 terms can feed the output, with the mid- 
dle four still driving D1 and the bottom four still driving D2. 


Data I/O / Futurenet Corp. - ABEL™ 4.0 and above 
Logical Devices - CUPL 3.0 and above 
Atmel Corp. -Atmel-ABEL-4 


ratings can be calculated from the minimum integrated erasure 
dose of 15 W-sec/cm”. To prevent unintentional erasure, an 
opaque label is recommended to cover the clear window on any 
UV erasable EPLD which will be subjected to continuous fluo- 
rescent indoor lighting or sunlight. 
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SUPPLY CURRENT vs. INPUT FREQUENCY NORMALIZED ICC vs. AMBIENT TEMP. 
> a TA = 256, VOC = 5V f = 20 MHz, VCC = 5V 
P Oo 
tL danet ava TT R 
A 
c L 
7 : 1.0 
R E 
T ATV2500L I 
a c 
: 0 C os 
0 3 6 9 12 15 18 21 -55 -25 5 35 65 95 125 
INPUT FREQUENCY (MHz) AMBIENT TEMPERATURE (C) 
SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. SUPPLY VOLTAGE 
f=0 HZ, TA=25C f = 20 MHz, TA = 25C 
Ss sg 120 
U U 
P P 110 
P P 
: - 100 
Cc Cc 90 
U U 
R R80 
R R 
- . 70 
T T 60 
A A 50 
4.0 4.5 5.0 5.5 6.0 4.0 4.5 5.0 5.5 6.0 
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 
OUTPUT SINK CURRENT OUTPUT SINK CURRENT 
° vs. SUPPLY VOLTAGE (VOL = 0.5V) 0 vs. OUTPUT VOLTAGE (TA = 25C, VCC = 5V) 
i ' 
22 u 
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ATV2500H/L 


NORMALIZED TPD 
vs. TEMPERATURE 


1.2 
1.4 
1.0 
0.9 
-55 -25 5 35 65 95 125 
Ambient Temperature (C) 
NORMALIZED TCO 
vs. TEMPERATURE 
1.3 
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1.1 
1.0 
0.9 
-55 -25 5 35 65 95 125 


Ambient Temperature (C) 


DELTA TCO vs. OUTPUT LOADING 
TA = 25C, VCC = 5V 


0 100 200 300 
Output Load (jig incld) Capacitance pF 
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Ordering Information 


t f 


ATV2500H-25DC 
ATV2500H-25JC 
ATV2500H-25KC 
ATV2500H-25LC 
ATV2500H-25PC 


ATV2500H-25DI 
ATV2500H-25JI 
ATV2500H-25KI 
ATV2500H-25LI 
ATV2500H-25PI 


ATV2500H-25DM 
ATV2500H-25KM 
ATV2500H-25LM 


ATV2500H-25DM/883 
ATV2500H-25KM/883 
ATV2500H-25LM/883 


ATV2500H-30DC 
ATV2500H-30JC 
ATV2500H-30KC 
ATV2500H-30LC 
ATV2500H-30PC 


ATV2500H-30DI 
ATV2500H-30JI 
ATV2500H-30KI 
ATV2500H-30LI 
ATV2500H-30PI 


ATV2500H-30DM 
ATV2500H-30KM 
ATV2500H-30LM 


ATV2500H-30DM/883 
ATV2500H-30KM/883 
ATV2500H-30LM/883 


ATV2500H-35DC 
ATV2500H-35JC 
ATV2500H-35KC 
ATV2500H-35LC 
ATV2500H-35PC 


ATV2500H-35DI Industrial 
ATV2500H-35JI (-40°C to 85°C) 
ATV2500H-35KI 
ATV2500H-35LI 
ATV2500H-35PI 


ATV2500H-35DM 
ATV2500H-35KM 
ATV2500H-35LM 


ATV2500H-35DM/883 
ATV2500H-35KM/883 
ATV2500H-35LM/883 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Commercial 
(0°C to 70°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


ATV2500H/L 


Ordering Information 


tPD tco fMAX 
(ns) (ns) (MHz) Ordering Code Package Operation Range 
Bi 


5962-91545 02M QX 
5962-91545 02M XX 
5962-91545 02M YX 


5962-91545 01M QX 
5962-91545 01M XX 
5962-91545 01M YX 


40DW6 
44LW 


Military/833C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/833C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Package Type 
40 Lead, 0.600" Wide Windowed, Ceramic Dual Inline Package (Cerdip) 
| 44) | 44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
| 44KW | 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
40 Lead, 0.600" Wide Plastic Dual Inline Package OTP (PDIP) 
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Ordering Information 


t ' 


ATV2500L-30DC Commercial 
ATV2500L-30JC (0°C to 70°C) 
ATV2500L-30KC 
ATV2500L-30LC 


ATV2500L-30PC 


ATV2500L-30DI 
ATV2500L-30JI 
ATV2500L-30KI 
ATV2500L-30LI 
ATV2500L-30PI 


ATV2500L-30DM 
ATV2500L-30KM 
ATV2500L-30LM 


ATV2500L-30DM/883 
ATV2500L-30KM/883 
ATV2500L-30LM/883 


ATV2500L-35DC 
ATV2500L-35JC 
ATV2500L-35KC 
ATV2500L-35LC 
ATV2500L-35PC 


ATV2500L-35DI 
ATV2500L-35JI 
ATV2500L-35KI 
ATV2500L-35LI 
ATV2500L-35PI 


ATV2500L-35DM 
ATV2500L-35KM 
ATV2500L-35LM 


ATV2500L-35DM/883 
ATV2500L-35KM/883 
ATV2500L-35LM/883 


ATV2500L-40DC 
ATV2500L-40JC 
ATV2500L-40KC 
ATV2500L-40LC 
ATV2500L-40PC 


ATV2500L-40DI 
ATV2500L-40JI 
ATV2500L-40KI 
ATV2500L-40LI 
ATV2500L-40PI 


ATV2500L-40DM 
ATV2500L-40KM 
ATV2500L-40LM 


ATV2500L-40DM/883 
ATV2500L-40KM/883 
ATV2500L-40LM/883 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military 
(-55°C to 125°C) 
Class B, Fully Compliant 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military 
(-55°C to 125°C) 
Class B, Fully Compliant 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


ATV2500H/L 
Ordering Information 


tPD tco fMAX ; 
(ns) (ns) (MHz) Ordering Code Package Operation Range 
45 45 


ATV2500L-45DI 

ATV2500L-45JI 

ATV2500L-45KI 

ATV2500L-45LI 

ATV2500L-45PI 

ATV2500L-45DM 

ATV2500L-45KM 

ATV2500L-45LM 

ATV2500L-45DM/883 40DW6 
ATV2500L-45KM/883 44KW 
ATV2500L-45LM/883 44LW 


sae 1580 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/833C 
(-55°C to 125°C) 
Class B, Fully Compliant 


5962-91545 03M XX 
5962-91545 03M YX 


Faas | #4 Lead, PiasicHLeaded Chip Carer OTP(PLCG) 
F-aakw | 44 Lead, Windowed, Ceramic Leaded Chip Carier(JLGG) 


44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


40 Lead, 0.600" Wide Plastic Dual Inline Package OTP (PDIP) 
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Using the ATV2500 with ABEL™ and CUPL™ 


The following two examples show example 
headers to use when designing the 


ATV2500 with ABEL™ or CUPL™. ing the product terms is 
For ABEL™, the node numbers shown may automatically. 
be assigned any legal ABEL™ label. The 
fuse numbers for combining the product 
terms are included. 
ABEL™ Example 
module _NODE2500 
title ‘Addressing 48 Registers in V2500 
NODE2500 device 'P2500'; 

@message ’'Use P2500PC device file.’; 

@message 'for ABEL on a PC/Clone’'; 
“INpucts 
ll, 12,13 pin Lee gag 
Ti, £18, 119, 120, 121, 122, £23 pin 17 548,19; 20, 21,22; 253 
137, 138, 139, 140 pin 37,38, 39,403 
"L/Os 
04,05,06,07,08,09 pin 4, Sp G, 7, Bp OF 
O11,012,013,014, 015,016 pin Lily dy bp Oy 23 LG 
024,025,026,027,028,029 pin 24,253,260, 20,260,293 
031, 032,033, 034,035,036 pin 31,32, 33434, 35, 367 
"Q2 Registers 
"Node Name Node Number Pin Associated With: 
B4,B5, B6 node 41,42, 43; " pin 4 to pin 6 
B7,B8,B9 node 44,45, 46; " pin 7 to pin 9 
B11,B12,B13 node 47,48, 49; "pin ll to pain 13 
B14,B15,B16 node 50,31, 52; " pin 14 to pin 16 
B24,B25, B26 node 53,048,005 "pin 24 to pin 26 
B27,B28,B29 node 56,57,58; "“ pin zZ7? to pin 29 
B31, B32,B33 node 99,60, 61; " pin 31 to pin 33 
B34, B35, B36 node 62,63, 64; " pin 34 to pin 36 
"Ql Registers 
"Node Name Node Number Pin Associated With: 
Q4,905,06 node 217,218,219; “ pin 4 to pin 6 
Q7,98,99 node 220,221,222) =“ pin 7 to pin 9 
O11,012,Q013 node 225,229,220) “ pir Ll te pin 13 
014,015,016 node 226,221,223; “ pin 14 to pin 16 
024,025,026 node 229,230,231; ™" pin 24 toe pin 26 
027,028,029 node 232,233,234; “ pin 27 to pin 29 
031,032,033 node 230,256,231; “ pin 31 to pin 33 
034,035,036 node 238,239,240 “ pin 34 to pin 36 
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For CUPL™, the pinnodes shown may be 
assigned any legal CUPL™ label. Combin- 
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CUPL™ Example 
Name NODE2500 
Partno 00; 

Date 11/21/88; 
Revision 00; 
Designer J.«. XU 
Company Atmel; 
Assembly None; 
Location None; 
Device V2500¢ 


[RKKKKKKKK KKK KKK KK KKK KKK KK KK KK KR KK KKK KK KR KKK KK / 


/** Allowable Target Device Types : V2500 **/ 


[RK KKK KK KK KK KK KK KKK KK KKK KKK KK KK KK KK KK KK KK KK / 
/** Inputs **/ 
/* This is a handy way to name a set of pins*/ 


PIN [1li<3] = [I1..13]; 
PIN [(17..23] = [f17,«123] 5 
PIN [37..40] = [137..140]; 
[** I/Os zk 

PIN [4..9] = [04..09]; 
PIN [11..16] = ,{[011..016] 7 
PIN [24..29] = [024..029]; 
PIN [31..36] = [031..036]; 


/** Declarations and Intermediate Variable 
Definitions */ 

/* Q2 nodes Pin assoc. with:*/ 
PINNODE [41..46] = [B4..B9]; /*PIN 4 to 9*/ 
PINNODE [47..52] = [Bl1..B16]; /*PIN 11 to 16*/ 
PINNODE [53..58] = [B24..B29]; /*PIN 24 to 29*/ 
PINNODE [59..64] = [B31..B36]; /*PIN 31 to 36*/ 
/* Ql nodes Pin assoc. with:*/ 
PINNODE [65..70] = [04..Q9]; /*PIN 4 to 9*/ 
PINNODE [71..76] = [Q11..Q16]; /*PIN 11 to 16*/ 
PINNODE [77..82] = [Q24..029]; /*PIN 24 to 29*/ 
PINNODE [83..88] = [Q31..036]; /*PIN 31 to 36*/ 
etc. 


ABEL™ and CUPL™ may be trademarks of others. 


7-100 5 ‘J2500 59:@) a0. 


EER nIAE co ene mnemonics cums XT VP SOOLV/LVE 


Features 


e Low Voltage Programmable Logic Device 

Wide Power Supply Range - 3.0 V to 5.5 V 

ideal for Battery Powered Systems 
e High Speed Operation 

25 ns Max Propagation Delay at Vcc = 3.0 V 
e Third Generation Programmable Logic Structure 

Easily Achieves Gate Utilization Factors of 80 Percent 
e Increased Logic Flexibility 

86 Inputs and 72 Sum Terms 
e Flexible Output Macrocell 

48 Flip-Flops - 2 per Macrocell 

3 Sum Terms - Can Be OR’ed and Shared 
e Low Power, Three-Volt CMOS Operation 


ATV2500LVL : 
Temp Com. / Mil. Com. / Mi 


Icc (mA) 3/7 60 


e Multiple Feedback Paths Provide for Burie 
and I/O Bus Compatibility .~ 
Asynchronous Clocks and Resets — 
Proven and Reliable High Speed CMOS 
2000 V ESD Protection’ co 

200 mA Latchup Immunity | 

e Reprogrammable - Test 
e 40-pin Dual-in-line an 


Block Diagram — 


Description 
The ATV2500LV/LVL is the m 


The ATV2500LV/LVL«is orge 
always available to every Logi 
array inputs, as well as the tr 


outputs of each of the 48 Flip-Flops. 
(Continued on next page) 
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Description (Continued) 


The ATV2500LV and AT2500LVL are low voltage compatible 
CMOS high performance Erasable Programmable Logic De- 
vices (EPLDs). Speeds down to 25 ns and power dissipation as 
low as 10.8 mW are offered. All speed ranges are specified over 
the 3.0 V to 5.5 V range. All pins offer a low + 10 pA leakage. 
The ATV2500LVL provides the optimum low power CMOS 
EPLD solution, with low D.C. power (1 mA typical at Vcc = 3.3 
V) and full CMOS output levels. The ATV2500LVL signifi- 
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cantly reduces total system power, allowing battery powered 
operation. 


Product terms are available providing Asynchronous Resets, 
Flip-Flop clocks, and Output Enables. One reset and one clock 
term are provided per Flip-Flop, with one Enable term per out- 
put. Eight product terms provide local Synchronous Presets, di- 
vided up into banks of four and eight Flip-Flops. Register Pre- 
load and buried register observability simplify testing. The de- 
vice has an internal power up clear function. 


ATV2500LV LVL sepeuecces 


eles ncsate eon ier eae erences | YOO! 


Features 


e Advanced Programmable Logic Device - High Gate Utilization 
e Flexible Interconnect Architecture - Universal Routing 
e Flexible Logic Cells - 128 Flip-Flops and 52 Latches 
e Multiple Flip-Flop Types - Synchronous or Asynchronous Registers 
e High Speed - 50 MHz Operation 
e Complete Third Party Software Support 
No Placement, Routing or Layout Software Required 
e Proven and Reliable High Speed CMOS EPROM Process 
2000 V ESD Protection 
200 mA Latchup Immunity 
e Reprogrammable - Tested 100% for Programmability 
e Commercial, industrial and Military Temperature Grades 


Block Diagram 


UNIVERSAL 


AND 62 
PINS REGIONAL 52 LOGIC CELLS 
INTERCONNECT fom! (104 FLIP-FLOPS) PINS 


"| 24 BURIED CELLS 
(24 FLIP-FLOPS) 


Description 


The Atmel V5000 is an easy to use, high density programmable logic device. Its simple, reg- 
ular architecture translates into increased utilization and high performance. 


The ATV5000 has one programmable combinatorial logic array. This guarantees easy inter- 
connection of and uniform performance from all nodes. "Sum terms", which are easy to use 
groupings of AND-OR gates, provide combinatorial logic blocks. Sum terms can be wire- 
OR’d together to integrate larger logic blocks. To expand the levels of logic, buried sum terms 
feed back into the logic array. The 52 I/O pins can each be driven by a register or a sum term. 
Each I/O pin has an individually enabled input latch. 


All 128 registers are configurable as D- or T-types without using extra logic gates. Individual 
sum terms, asynchronous presets, resets and clocks give each flip-flop added flexibility. A 
direct "clock from pin" option guarantees synchronization and fast clock to output perfor- 
mance. 

Standard, off-the-shelf third-party software tools and programmers support the ATV5000. 
This minimizes start-up investment and improves product support. 


Chip Carrier 
Pin Configuration | 


Pin Name Function 


Wa et Logic and Clock Inputs ano is 
Pins 2,32,36,66 | Input/Register Clocks 1-4 ii ” 
Pins 1,34,35,68 | Input/Latch Clocks 1-4 vec GN 

Bidirectional Buffers 

vo vo 
+5 V Supply 


— VO —IN [LU IN | “— vo — 
GND VCC 


ATMEL 


High Density 
UV Erasable 
Programmable 
Logic Device 


7-103 


AIMEL 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 


Respect to Ground -2.0 V to +7.0 V' 


Voltage on Input Pins 
with Respect to Ground 


During Programming -2.0 V to +14.0 V' 


Programming Voltage with 
Respect to Ground 


-2.0 V to +14.0 V' 
7258 W-sec/cm* 


Integrated UV Erase Dose 


Functional Logic Diagram Description 


There are 52 identical Input/Ouput logic cells and 24 identical 
buried logic cells in the ATV5000. Each I/O cell has two flip- 
flops, up to three sum terms, individual clock, reset, and preset 
terms per flip-flop, and one output enable term. Independent of 
output configuration, all flip-flops are always usable, and have 
at least four Product Term inputs each. 


Each I/O pin (52 total) signal or its latched version drives the 
logic array. There is one latch clock per quadrant. 


The ATV5000 has four identical quadrants (see Figure 2). The 
Universal Bus routes true and false signals from each of the 52 
I/O pins to all four quadrants. Regional buses route each 
quadrant’s flip-flop Q and Q locally. The eight input-only pins 
are available in all four regional buses. 

Each logic cell has a number of "regional" and "universal" prod- 
uct terms (see Figure 1). The I/O Logic Cells contain three sum 
terms, two flip-flops, and an I/O buffer. 


The Buried Logic Cells each contain one Flip-flop. In addition, 
in each buried logic cell the sum term can drive the regional bus. 
This allows for logic expansion. 


Serial register preload and observability simplify testing. All 
registers automatically clear at power up. 


D.C. and A.C. Operating Range 


ATV5000-25 


5V+10% 


Operating 


Temperature (Case) 
Vcc Power Supply 
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*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 

1. Minimum voltage is -0.6 V de which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+0.75 V de which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


Quadrant Functional Logic 
Diagram ATV5000 


UNIVERSAL INPUTS 


UNIVERSA 

PRODUCT 

TERMS INPUT/OUTPUT 

LOGIC CELLS ry VO 
(13 TOTAL PINS 


REGIONAL PER QUADRANT) 


PRODUCT 
TERMS 


REGIONAL INPUTS 


REGISTER CLOCKS 


INPUT 
PINS 
REGISTER CLOCKS 
UNIVERSA 
PRODUCT 7 


BURIED 
LOGIC CELLS 
(6 TOTAL 


TERMS PER QUADRANT) 


TERMS 
REGIONAL 
| PRODUCT -, 


REGIONAL INPUTS 


UNIVERSAL BUS REGIONAL 
TO ALL BUS 
QUADRANTS 
Figure 1 


ATV5000/L-30 ATV5000/L-35 


5V+10% 5V+10% 


AYVV50CC0/\ smeezeememmeasxcemuccs nen 


ATV5000/L 


ATV5000 Block Diagram 
REGISTER REGISTER 
CLOCK PIN 2 QUADRANT REGIONAL REGIONAL — QUADRANT CLOCK PIN 66 
LATCH ——4 1 4 s— LATCH 
CLOCK PIN 1 ‘acai ‘ae ccaamanan : CLOCK PIN 68 
13 VO PINS CO} «13 VO CELLS 13 VO CELLS {2 13 VO PINS 
4-15,17 Bore ceec ; 52,53,55-65 
Sar SoRCeREINN oe 
' 6 BURIED |; 6 BURIED 
LOGIC CELLS LOGIC CELLS 
REGISTER ke UNIVERSAL =[—+ Lidl i. REGISTER 
CLOCK PIN 32 BUS CLOCK PIN 36 
LATCH eee in — LATCH 
CLOCK PIN 340 p88 cceeaeal 3 ae a accel : CLOCK PIN 35 
13 VO PINS CH 413 VO CELLS | ' 43 VO CELLS +9 13 I/O PINS 
18,19,21-31 re cee re (ee = 38-49,51 
6 BURIED 6 BURIED 
LOGIC CELLS LOGIC CELLS 
QUADRANT QUADRANT 
2 REGIONAL INPUT PINS REGIONAL 
BUS 1,2,32,34,35, BUS 
36, 66,68 


Figure 2 
Quadrant Clock Pin Assignments 


Quadrant Logic Diagram 
and Description 


The ATV5000 has: four identical quadrants, 52 identical input/ 
output logic cells, and 24 identical buried logic cells. The Uni- 
versal Bus routes true and false signals from each of the 52 I/O 
pins to all four quadrants. Regional buses route each quadrant’s 
flip-flop Q and Q locally. The eight input-only pins are available 
in every Regional Bus. 


Each logic cell has a number of "regional" and "universal" prod- 
uct terms (see Figure 3). The I/O Logic Cells (Figures 7, 8, 9) 
contain three sum terms, two flip-flops, and an I/O buffer. Sum 
term B has five product terms - two universal and three regional. 
Sum terms A and C each have four product terms - one universal 
and three regional. Flip-flop Q1 has global Asynchronous Pre- 
set, Reset, and Clock product terms. Flip-flop Q2 has universal 
Asynchronous Reset and Clock terms and a regional Asynchro- 
nous Preset term. There is one universal product term for the I/O 
pin Output Enable. 


The Buried Logic Cells (Figure 4) each contain one flip-flop. 
The sum term has one universal product term and four regional 
product terms for a total of five. The flip-flop has universal 
Asynchronous Preset, Reset, and Clock terms. In addition, in 
each buried logic cell the sum term can be fed back into the 
regional bus instead of the flip-flop. This allows for logic expan- 
sion. 


Regional product terms have as inputs all quadrant flip-flop out- 
puts (or buried flip flop inputs) and the eight dedicated input 
pins. Universal product terms have the same inputs plus the 52 
I/O pins and their complements. 
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Quadrant 
Number 


Latch 
Clock Pin 


Register 
Clock Pin 


1 2 1 


2 32 34 


Quadrant Structure 
UNIVERSAL REGIONAL UNIVERSAL BUS INPUTS REGISTER 
PRODUCT OCK 


REGIONAL BUS INPUTS 


AW LATCH 
CLOCK 


QUADRANTS 
Figure 3 


7-105 


AIMEt 


Logic Cell Options 


The ATV5000 Logic Cells contain most of the chip’s logic op- 
tions. The standard Logic Cell contains two flip-flops, three sum 
terms and three array inputs. The three sum terms can be com- 
bined to provide sum term options of four, five, nine, or 13 prod- 
uct terms. A combinatorial signal or the output of Q1 can be sent 
to the I/O cell. 


The ATV5000 retains the ATV2500’s ability to bury both reg- 
isters in the I/O cell and still output a combinatorial signal (see 
Figure 8). A new feature, unique to the ATV5000, is the ability 
to output Q1 and feedback the combinatorial term directly (see 
Figure 7). This high speed logic expansion term increases the 
devices flexibility and gate utilization. 


Buried Logic Cells 


Each quadrant has six buried logic cells (see Figure 4). Each cell 
contains one sum term with five product terms, a flip-flop, and 
individual preset, clear, and clock terms. A configuration bit se- 
lects either the Q output or the D input for feedback into the 
regional bus. 


Cells 


Buried Logic 
p =| 


R 
Figure 4 
Clock Option 
| —— ae 
RCKn | 
TO 
| LOGIC 
CELL 
CLOCK 
PRODUCT | SELECT 
TERM , ssid 
Figure 5 


I/O Pin Logic 


LOGIC 
CELL 


Figure 6 
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Logic Cell with Buried Sum Term and 
Register to I/O Cell 


ju) 
Sp 


ES gems D1/T1 Ql 

Ca 5 
CLOCK 

fu) CK! — OPTION 


AR1 


AP2 


AR2 


CLOCK 
iw) CK2 — opTION 


Figure 7 


Flip-Flop Clock Options 


Each register may be connected to its regional clock to provide 
fast clock to output timing (see Figure 5). In this "synchronous" 
mode, the clock is one of four input pins, a unique clock pin for 
each chip quadrant. One product term defines each flip-flop’s 
clock in the "asynchronous" mode. 


In the "synchronous" mode, the regional clock is ANDed with 
the product term. This provides the fast timing of a synchronous 
clock with the local control of the product term. 


/O Pin Latches 


Each I/O pin of the ATV5000 has an input latch which can be 
individually enabled or disabled (see Figure 6). Each chip quad- 
rant has a unique latch clock. When the latch is inactive, pin 
input flows directly into the array. When activated, the latch is 
flow-through when the clock signal is low, and data is captured 
on the clock’s rising edge. 


Flip-Flop Types 
Each flip-flop in the ATV5000 may be configured as either a T- 


or D-type flip-flop. A T-type flip-flop can also easily be config- 
ured into a JK or SR flip-flop. 


> annem am ecm eso sae mc asc apa 


sr a anemone: aecreenmmmaeumeecicccecoxe Jk YE ACNYG/ 


Logic Cell, Two Buried Registers, Logic Cell with Combinable 
Combinatorial to I/O Cell Sum Terms, Register to I/O Cell 


<a = 
Cone 
CLOCK 
Ww) CK1 —| option - 
ARI 


CLOCK CLOCK 
ox Daa. 
AR2 iw) AR2 

Figure 8 Figure 9 


D.C. Characteristics 


Symbol Parameter Condition Min Typ ax Units 
200 


M 
Input Load Current VIN = -0.1 V to Voc+1 V 10 LA 
Output Leakage Current VouT= -0.1 V to Vcc+0.1 V 10 LA 
3 


50 mA 
200 400 mA 


Power Supply Current Vcc = MAX, Vin=GNDor Com. 32 40 mA 
ATV5000L Vcc Outputs Open Ind.,Mil. 32 50 ar 


Clocked Power Supply __f = 1 MHz, Vcc = MAX Com. 30 50 
30 60 


Iu 
ILo 


Power Supply Current Vcc=MAX,Vin=GNDor Com. 
ia ATV5000 Vcc Outputs Open Taal AAI 


lcc2 | Current, ATV5000L Only Outputs Open Ind.,Mil. 


(1) | Output Short Circuit _ F 
Current VouT = 0.5 V 90 mA 


VIL Input Low Voltage -0.6 0.8 V 
VIH Input High Voltage 2.0 Voc+0.75 V 
V 


Vin = ViH or V 
VoL Output Low Voltage OL a oa comiink 6 mA Mi 0.5 


lOH = -100 nA Vcoc-0.3 V 
IOH = -4.0 MA 2.4 V 


Note: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 seconds. 
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OH Output High Voltage 
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(1) (1) 
A.C. Waveforms A.C. Waveforms 
Input Pin Clock Product Term Clock 
INPUTS AND INPUTS AND 
VO PINS VO PINS 
SI tHS tSl tHA 
REGISTER tWS REGISTER twA——— 
CLOCK PIN i f twS ERR h / tWA 
tPS tPA 
AR ARA: 
ASYNCHRONOUS \) - ASYNCHRONOUS ct, - 
RESET/PRESE \ RESET/PRESET \ 
—- = tAP oo J tAP 
REGISTERED V/V output output REGISTERED re OUTPUT OUTPUT 
OUTPUTS /\/\ VALID VALID OUTPUTS /\/\, VALID VALID 
INTERNAL VV INTERNAL XX va) VALID 
FEEDBACKS (XX) vere —— FEEDBACKS - A 


Notes: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


Register A.C. Characteristics, Input Pin Clock 


emoot|ruomne 


Feedback Setup Time" 
‘tis __| Hold Time 


Clock Width 


tis po oo 
tws to 15 
[tes __| Clock Period a ee ee 


Maximum Frequency (1/ps) 


Asynchronous Reset/Preset Recovery Time 
Note: 1. Add 3 ns for Universal Product Terms. 


Register A.C. Characteristics, Product Term Clock 


ATV5000-25 | ATV5000/L- ATV5000/L-35 
Symbol | Parameter 


30 
cn Me | Mn Ma 
: 
10 
15 
30 
30 


a. oe 
5 
10 
a ee ee 
tua |HoldTime | tt 
twa |Clockwith | tet 
tPA a ee eee 
a ee ee 
2 


Asynchronous Reset/Preset Recovery Time 


Note: 1. Add 3 ns for Universal Product Terms. 
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A.C. Waveforms °” 


INPUTS AND 
/O PINS 
——/ | 


tP 
tER1 tEA 
COMBINATORIAL pe OUTPUT OUTPUT \/ HIGH z/ [VY output 
Somes oh VALID r VALID ooo WB VALID 
REGISTERED VV \V [LV OUTPUT 
INI‘ \A\N VALID 
tPD3 tPD2 tPD4 tER2 tEA2 

INTERNAL 


Notes: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics 


r 


Clock Period 


t 


H 
tw 
FMAX 
tAW 
Asynchronous Reset/ 
Preset to Registered Output 


Asynchronous Reset/ 
Preset to Registered Feedback 


Note: 1. Add 3 ns for Universal Product Terms. 


Input Test Waveforms and Output Test Load 
Measurement Levels 5.0V 


3.0V 
R1=450 
AC AC 
DRIVING < 1.5V S< MEASUREMENT (580 MIL.) midleg 
LEVELS LEVEL 
0.0V R2=250 CL=50pF 
) 


(280 MIL.) J 


tk, tF<5ns (10% to 90% 


| 
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Preload and Observability of Registers 


The ATV5000’s registers include circuity to load and unload 
them serially. This feature simplifies testing. Any state can be 
forced into the registers to control test sequencing, and all reg- 
isters may be observed, independent of being buried. A Vin 
level on the Data In pin will force the appropriate register high; 
a Vix will force it low, independent of the polarity or other con- 
figuration bit settings. 

The PRELOAD/OBSERVE State is entered by placing an 11 V to 14 
V signal on pin 68 on the JUCC. When the clock (pin 1) is pulsed 
high, data (pin 2) is clocked serially through all registers in the 
device, as in the following table. All register contents are also 


tD 
VH 
PRELOAD WPP | twPP 
tSP }-tHP eel 
CLOCK - 
| Pin 65 V Pin 65 


tERP 


DATA OUT 


Preload / Observe Register Scan Order 


Quadrant Pin 


n 
Quadrant 2 Pin 1 19 


(Quadrant 1)—> 


Power Up Reset 


The registers in the ATV5000 are designed to reset during 
power up. At a point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must be 
met before driving the clock term high, and 

3) The signals from which the clock is derived must remain sta- 
ble during tpr. 


ATV5000/L 
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OE tC OP 
tEAP 
Pin 
4 
Q2 


Quadrant 1 Pi 4 5 
Din ~Q2 —Q1 >B23>Q2 >—Q1 ~Q2 —=Q1 -- Bi8 ~Q2 —Q1 >~Q2 >Q1 - (Quadrant 2) 
8 


Q2 —-Q1 —~Q2 —Q1 >—B17>Q2 —Q1 —~Q2 —=Q1-— ss = =6—B12 ~Q2 >Q1 —- (Quadrant 3) 


(Quadrant 2)> Q2 —Q1 >B11>Q2 —Q1 —Q2 —Q1— ow B6 —>Q2 >-Q1 —Q2 —Q1 — (Quadrant 4) 
(Quadrant 3)> Q2 —Q1 >—Q2 —Q1 >—B5 —Q2 —Q1 —Q2 —Q1— ew BO —+Q2 >Q1 —Dout 


clocked out of the device on Pin 65 in FIFO fashion. If ob- 
servability only is required, data out should be connected back 
to data in. If preload only is required, OE (pin 66) can be held 
high and data out (pin 65) will remain high impedance. 

Any user contemplating the use of register preload/obervability 
is encouraged to contact Atmel’s EPLD applications depart- 
ment. 


Note: All register clock terms or pins must be low prior to en- 
tering the Preload/Observe state, and low prior to leaving the 


tDmin = 100 ns 
tSPmMIn = 50 ns 
tHPmin = 50 ns 
tWPPmin = 100 ns 
tPRmin = 1000 ns 
tERPmax = 100 ns 
tEAPmax = 100 ns 
tCOPmax = 100 ns 


coe 15 17 


22 eee 31 


3.8V 
POWER 
tPR 
REGISTERED 
OUTPUTS tS 
tW 
CLOCK 


Parameter Description Min Typ Max Units 


1000 ons 


Power-Up 


ATV5000/L 


Design Flow Diagram Using The ATV5000 


The ATV5000’s simple, regular architecture means that only | 
Partition Design simple logic compilers are required to configure the device. No 
Into Manageable Pieces 
Random State Truth 
Gates Machines Tables 


layout or route and place are required. These software tools are 
Schematic 
Editor 


readily available from companies such as Data I/O Corporation 
Design Data Base (ASCII File) 


(ABEL™), Logical Devices (CUPL™), and ISDATA 
Compile and Simulate 


(LOGiC™), 

The first step in designing a device as complex as the ATV5000 
Transfer JEDEC File 
and Program 


is to partition your design into manageable blocks. These blocks 
are then allocated proportionally to each of the four quadrants of 
the ATV5000. Random gates can be described either with bool- 
ean equations (a behavioral description) or with a schematic ed- 
itor. Truth table logic and state machines are best described 
behaviorially and entered with a text editor. The design is then 
combined into one ASCII file, which is then submitted to the 
logic compiler. Compilation, logic reduction, simulation, 
JEDEC file creation and documentation are then completed by 
all of the popular compilers. 


Assignment of signals to pins or buried nodes as well as select- 
ing the various options of the ATV5000 (such as register clocks 
and input latches) can be done manually in the design data base 
file, or an automatic fitter may be used. 


A logic fitter assigns pins and nodes to make best use of the 
features in the ATV5000, and frees the designer from being re- 
quired to learn all of the features of a complex device such as the 
ATV5000. For further information on fitters for the ATV5000, 
contact Atmel’s EPLD applications department. 


After correcting any syntax and logic errors discovered by the 
compiler, the JEDEC file is ready to download to an EPLD pro- 
grammer. These are available from a number of manufacturers. 
Programmed devices are usually first tested in the programmer 
with your supplied test vectors. The next step is check out your 
"custom chip" in the target system. When this hardware debug 
step is complete, your system is ready to go— all in a matter of 
hours. 


Hardware Test 


Ship It! 


ABEL™, CUPL™ and LOGiC™ may be trademarks of others. 


Operating Modes 


68-Lead LCC Pin 
Vcc /0 
1 (3,20,37,54) /O’s Pin 65 


2 36 34 68 66 ‘ : 
PP VIH VIH VIL VIL X 6V ADD 
H VIH VIH VIH X 


X 
PGM Verify V ADD/DouT 
PGM Inhibit Vpp Vi 
Preload/Observe | _f—L. DIN X x VH® OE 


Notes: 1. X can be Vy or Vou. 2. Vy = 11.0 V to 14.0 V 


ATMEL ra 


6V High Z High Z 


5V DouT 


High Z 


AIMEL 


ATV5000 PLCC/PGA Pin Assignments 


PLCC PGA PLCC PGA 


Pin# Pin# Name Pin# Pin# Name 


O/DINIO!| A!) + 


—_ 
i) 
ee, 
ie) 


Pin Capacitance (f= 1 MHz, T = 25°C) “” 


PLCC PGA 
Pin# Pin# 


Units Conditions 


PLCC PGA 


Name Pin# Pin# Name 


/0 


62 A10 /O 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not a tested. 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV5000 fuse patterns. Once programmed, all outputs appear 
programmed during verify. The security fuse should be pro- 


Erasure Characteristics 


The entire memory array of an ATV5000 is erased after expo- 
sure to ultraviolet light at a wavelength of 2537 A. Complete 
erasure is assured after a minimum of 20 minutes exposure 
using 12,000 yW/cm intensity lamps spaced one inch away 
from the chip. Minimum erase time for lamps at other intensity 
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grammed last (after verifying all other programmed bits), as its 
effect is immediate. 


The security fuse also inhibits Preload and Observability. 


ratings can be calculated from the minimum integrated erasure 
dose of 15 W-sec/cm”. To prevent unintentional erasure, an 
opaque label is recommended to cover the clear window on any 
UV erasable EPLD which will be subjected to continuous fluo- 
rescent indoor lighting or sunlight. 


eae cc me ee a remap 


ATV5000/L 
Ordering Information 


Ordering Code Operation Range 
68J 


ATV5000-25JC Commercial 
ATV5000-25KC (0°C to 70°C) 
ATV5000-25UC 
ATV5000-30JC Commercial 
ATV5000-30KC (0°C to 70°C) 
ATV5000-30UC 


ATV5000-30KI 68KW Industrial 
ATV5000-30UI 68UW (-40°C to 85°C) 
ATV5000-30KM 68KW Military 
ATV5000-30UM 68UW (-55°C to 125°C) 


ATV5000-30KM/883 Military/883C 

ATV5000-30UM/883 Class B, Fully Compliant 
(-55°C to 125°C) 

ATV5000-35JC Commercial 


ATV5000-35KC (0°C to 70°C) 
ATV5000-35UC 


ATV5000-35KI 68KW Industrial 
ATV5000-35UI 68UW (-40°C to 85°C) 
ATV5000-35KM 68KW Military 
ATV5000-35UM 68UW (-55°C to 125°C) 


ATV5000-35KM/883 Military/883C 
ATV5000-35UM/883 Class B, Fully Compliant 


(-55°C to 125°C) 


Package Type 
| 68J —'|_ 68 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
| 68KW 68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 


ATMEL 718 
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Ordering Information 


tPD tcos fMAX ; 


68J 


ATV5000L-30JC Commercial 
ATV5000L-30KC 68KW (0°C to 70°C) 
ATV5000L-30UC 68UW 


ATV5000L-35KM 68KW Military 
ATV5000L-35UM 68UW (-55°C to 125°C) 
ATV5000L-35KM/883 68KW Military/883C 
ATV5000L-35UM/883 68UW Class B, Fully Compliant 
(-55°C to 125°C) 


ATV5000L-35JC 68J Commercial 
ATV5000L-35KC 68KW (0°C to 70°C) 
ATV5000L-35UC 68UW 

ATV5000L-35KI 68KW Industrial 
ATV5000L-35UI 68UW (-40°C to 85°C) 


| 68) | G8 Lead, Plastic U-LeadedChipCarierOTP(PLCC) 
| 68KW | 68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (LCC) 
| 68uW | 68Pin, Windowed, Ceramic Pin Grid Array(PGA) 
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Using the ATV5000 


The ATV5000 Logic Cells retain the 
ATV2500’s basic features with two regis- 
ters, three sum terms and Q1, Q2, and pin 
feedback options. In addition, these follow- 
ing features make the ATV5000 even more 
versatile: 


1. Input latches are added to every I/O pin. 
Each latch can be enabled or disabled 
independently. 


2. The ATV5000 can be configured to feed- 
back a combinatorial sum term and 
send Q1 to the output. Feeding the com- 
binatorial sum term internally makes im- 
plementing logic equations with large 


number of product terms possible with- 
out sacrificing an I/O pin. 


. Dedicated clock pins and individual 


clock product terms create multiple 
clock options for each flip-flop. 


. The addition of the Buried Logic Cells 


handles more logic than ever. 


. Each flip-flop can be configured as D- or 


T-type flip-flop. 


. Asynchronous Preset, Asynchronous 


Reset and programmable output polar- 
ity allow registered outputs using fewer 
product terms. 


Logic Cell with Buried Sum Term and 


Register to I/O Cell 


pouyvovcc 
© 


lu) 
x} 


re 


U 
U 


AP2 


lu) AR1 


er D2/T2 
CLOCK 
CK2 | OPTION 


AR2 


Yh D1/T1 
CLOCK 
CK1 — opTiION 


High Density 


UV Erasable 


Programmable 
Logic Device 


Application 
Brief 
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Logic Cell, Two Buried Registers, Logic Cell with Combinable 
Combinatorial to I/O Cell Sum Terms, Register to I/O Cell 


a D1/T1 Qi 
ee | 
CLOCK 
fu) CK1 —| option 

ARI 


[u)— ox one [Spo 

(ih) AR2 AR2 
The following are sections of ABEL™ and CUPL™ source files to ABEL™ and Atmel-ABEL™ =CUPL™ 
illustrate how each of these features is described in the ABEL™ LENA,CLOCK pin 1,2; pin 1,2 = LENA,CLOCK; 
and CUPL™ high level description languages. ACK pin 4 istype pin 4 = Ack; 

‘reg d,buffer’; 

Pin and Node Assignments ouTA pin 5; pin 5 = ouma; 
All the buried registers used in the design need to be assigned DRAM node 121 istype pinnode 105 = DRAM; 
node numbers. The following tables show the complete set of ‘reg t'; 
node numbers by quadrant. EXPAND node 70; pinnode 208 = EXPAND; 


ACKL node 813; 
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ATV5000 ABEL™ and Atmel-ABEL™ Node Numbers 


Quadrant | 
Sum Term 


6 Buried Logic Cells 

B23 - B18 node 173 - 178 

LCK1 pin1; Quadrant Latch clock 

RCK1 pin2; Quadrant Synchronous Register Clock 


Quadrant Ill 
Sum Term 


6 Buried Logic Cells 

B11 - B6 node 185 - 190 

LCK3  pin35; Quadrant Latch Clock 

RCK3  pin36; Quadrant Synchronous Register Clock 


AIMEL 


Quadrant Il 
Sum Term 


6 Buried Logic Cells 

B17 - B12 node 179 - 184 

LCK2 pin34; Quadrant Latch Clock 

RCK2 pin32; Quadrant Synchronous Register Clock 


Quadrant IV 
Sum Term 


6 Buried Logic Cells 

B5 - BO node 191 - 196 

LCK4 pin68; Quadrant Latch Clock 

RCK4 pin66; Quadrant Synchronous Register Clock 
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ATV5000 CUPL™ Node Numbers 


Quadrant | 
Sum Term 


6 Buried Logic Cells 

B23 - B18 node 74 - 69 

LCK1 pin1; Quadrant Latch Clock 

RCK1 pin2; Quadrant Synchronous Register Clock 


Quadrant Ill 
Sum Term 


6 Buried Logic Cells 

B11 - B6 node 86 - 81 

LCK3 pin35; Quadrant Latch Clock 

RCK3 pin36; Quadrant Synchronous Register Clock 


AIMEL 


Quadrant Il 
Sum Term 


6 Buried Logic Cells 

B17 - B12 node 75 - 80 

LCK2 pin34; Quadrant Latch Clock 

RCK2 pin32; Quadrant Synchronous Register Clock 


Quadrant IV 
Sum Term 


6 Buried Logic Cells 

B5 - BO node 87 - 92 

LCK4  pin68; Quadrant Latch Clock 

RCK4 pin66; Quadrant Synchronous Register Clock 


ATV S00) 5710) =easneeee 


MMC mmo rum 27 YOO Brie: 


Input Latch 

Each of the 52 I/Os has an input latch that can be enabled and 
disabled individually. When the latch is enabled and latch clock 
is high, the pin value is latched. When the quadrant latch clock 
is low, the latch becomes transparent. When the latch is dis- 
abled, an ATV5000 I/O acts like those of the ATV750 and 
ATV2500 I/Os. The pin input is fed directly to the array (except 
when sum term B is being used as a buried feedback). 


The .D and the .LE (latch enable) equations are required to en- 
able the input latch in ABEL™AHDL. The only allowed input to 
the latch is the IO pin with which it is associated. The only al- 
lowed .LE input is the quadrant latch clock (pin 1,34, 35, or 68). 
Notice that CUPL™ does not have node numbers for the input 
latches. Any pin name used in a feedback with the dot extension 
IOL tells CUPL™ that particular pin should be a latched pin. 


ABEL™ and Atmel-ABEL™ CUPL™ 


ACKL.D = ACK; 
ACKL.LE = LENA; 
OUTA := ACKL; OUTA.D = ACK.IOL; 


Internal Combinatorial Feedback 
for an I/O Cell 


To implement the combinatorial feedback of the B sum term, 
first define the node name with the corresponding node number. 
This node will take a five-product term equation. Regular syn- 
tax describing a combinatorial equation will describe the B sum 
term. 


Note: This B sum term node number is defined only when this 
feature is needed. When this feature is used, the output is from 


Qi through an inverter/buffer. The I/O pin becomes a output- 
only pin. It cannot be used as an input or as an input/output. 


ABEL™ and Atmel-ABEL™ CUPL™ 


OUTA pin 5; pin 5 = OUTA; 

EXPAND node 70; pinnode 208 = EXPAND; 

OUTA.D = INA&INB# !INC&!IND; OUTA.D = INASINB#!INC&!IND; 

EXPAND = INA & !INC # IND; EXPAND = INA & ! INC # 
IND; 


AIMEL 


(OUTA and EXPAND are in the same I/O Logic Cell. OUTA is the 
Q1 output to pin after the inverter/buffer and EXPAND is the com- 
binatorial sum term feedback. The feedbacks from this Logic 
Cell are Q1 before the inverter/buffer, Q2, and the B sum term) 


Clocking Options 

There are different methods of clocking the registers in the 
ATV5000. The clock options can best described as either the 
AND function of (Quadrant Clock & Clock Product Term) or 
purely the function of the Clock Product Term (like ATV750 
and ATV2500). 


Synchronous Operation 

The quadrant clock is the only clocking element in this mode of 
operation. The clock product term must be defined to be equal 
to 1. In ABEL AHDL, .CK defines the clock product term and .CE 
is the corresponding quadrant clock. 


[ RCKn | 
| TO 
| LoGic 
CELL 
CLOCK 
PRODUCT | SELECT | 
TERM | si 


In CUPL, .CE has a different implication. The keyword .CE 
means the user wants the AND function (Quadrant Clock & 
Clock Product Term) for the clock. 


ABEL™ and Atmel-ABEL™ CUPL™ 
OUTA.CK = 1; 
OUTA.CE = CLOCK; “CLOCK iS pin 2. OUTA.CE = 'B’'l1; 


Gated Synchronous Operation 

This clock option still uses the fast quadrant register clock pin, 
but now it has a gating element. The clock product term enables 
or disables the clock going to the register. 


ABEL™ and Atmel-ABEL™ CUPL™ 
OUTA.CK = INX & INY & !INZ; 
OUTA.CE = CLOCK; "CLOCK is pin 2 OUTA.CE = INX&INY&!INZ; 


Asynchronous Operation 

The quadrant clock has no effect on the register in this mode of 
clock option. The register is clocked by the clock product term 
like the ATV750 and ATV2500 registers. 


ABEL™ and Atmel-ABEL™ CUPL™ 
OUTA.CK = INA & !INB & INC; OUTA.CK = INA & !INB & 
INC; 
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Buried Logic Cells 

There are six Buried Logic Cells in each quadrant. Every Bur- 
ied Logic Cell can be configured as a buried register or as a 
combinatorial feedback to the quadrant array. In the buried reg- 
ister mode, it’s used the same way as Q1 and Qz2. In the combi- 
natorial feedback mode, it’s used the same way as the B sum 
term feedback. 


ABEL™ and Atmel-ABEL™ CUPL™ 

ADDR, XDATA node 173,174; pinnode 74,73 = 
ADDR, XDATA; 

ADDR = A16&6A15&!A14#RST; ADDR = A16&A15&!A14#RST; 

XDATA.T = !A16 & RST; XDATA.T = !A16 & RST; 

XDATA.CK = INA & INC; XDATA.CK INA & INC; 

XDATA.AR = INB; XDATA.AR = INB; 


D-Type and T-Type Registers 

All the registers in the ATV5000 can be configured as D- or 
T-type. The ISTYPE statement after the PIN or NODE definition in 
ABEL AHDL tells ABEL which type of register is needed. 


ABEL™ and Atmel-ABEL™ CUPL™ 


ABC )}§6rnode 123 istype pinnode 103 = asc; 
‘reg "3 

XYZ pin 7 istype pin 7 = xyz; 

‘reg d’; 

ABC.T = INA & INB # INC; ABC.T = INA & INB # INC; 
XYZ.D = !INA # INC; XYZ.D = !INA # INC; 


In both languages, the .T extension is reserved for T flip-flop 
and .D extension for D flip-flop. 


ABEL™and CUPL™ may be trademarks of others. 
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Asynchronous Preset 

One of the advantanges of having a programmable output polar- 
ity I/O is that the same combinatorial output often take fewer 
product terms to implement using negative logic rather than 
positive logic or vice versa. 


The same can be done for a registered output provided the 
power-up state is not crucial (all flip-flops are reset upon power 
up). With an Asynchronous Preset and an Asynchronous Reset, 
simply swap the two product terms and invert your equation and 
polaritywill let you take advantage of expressing the same logic 
in a different polarity. The following example shows a 4-to-1 
reduction in product term requirement. 


ABEL™ and Atmel-ABEL™ CUPL™ 

ouTc pin 8 istype pin 8 = ouTc; 
‘invert, reg da’; 
OUTD pin 9 istype 
‘buffer,reg d’; 
OUTC.D = INA# !INB#INC# !IND; OUTC.D = 

INA#! INB#INC#! IND; 
OUTC.CK = CLK; 


pin 9 = !ouTD; 


OUTC.CK = CLK; 


OUTC.AR = !INA & RST; OUTC.AR = !INA & RST; 

OUTC.AP = INB & PRESET; OUTC.AP = INB & 
PRESET; 

OUTD.D = !INA&INB&!INC&IND; OUTD.D = 


! INAS INB&! INC&IND; 
OUTD.CK = CLK; 

OUTD.AR = INB & PRESET; 
OUTD.AP = !INA & RST; 


OUTD.CK = CLK; 
OUTD.AR = INB & PRESET; 
OUTD.AP = !INA & RST; 


ATV5000 Brict nussumsmmmmnccoomonuscancommeens eemmaremmmesenen amas 


Example ABEL™ Description File 


module vV5000; 


a cE Rr NCCEn eRe Ov SUA cir at 


April 28, 1991’ 


and combinatorial sum terms 


title ‘Demo ATV5000 features with ATMEL-ABEL (IBM386 or compatible) 
ATMEL Corporation EPLD Joe Yu 

V5K device ’P5000’; 

“The IOs, registers, latches, inputs, 

“feedbacks are named with the following prefixes for clarity: 

" Prefix 

z - Quadrant Clocks, Latch Enables. 

= - 10 - IO pins 

» Lh - Input Latches 

" BLC - Buried Logic Cells 


" SIP - Sum Term Feedbacks 

"Valid ABEL AHDL identifiers can be used in place of them. 
declarations 

Ii pin 1; " Quadrant 1 Latch Enable/Input 

I2 pin 23 “Quadrant 1 Synchronous Register Clock/Input 
132 pin 32; " Quadrant 2 Synchronous Register Clock/Input 
I34 pin 34; " Quadrant 2 Latch Enable/Input 

igo Din 353 " Quadrant 3 Latch Enable/Input 

I36 pin 36; " Quadrant 3 Synchronous Register Clock/Input 
I66 pin 66; " Quadrant 4 Synchronous Register Clock/Input 
I68 pin 68; " Quadrant 4 Latch Enable/Input 


" zxkKk* Quadrant I aAkKkK* 

" T/O LOGIC CELL 

104, 105, 106, IO7, 108, 109 

STF4, STF5, STF6,STF/, STF8,STF9 
I04Q01, 105Q1, I06Q1, 107Q1, 10801, I09Q01 
I04Q2, 105Q2, I06Q2, 10702, I08Q2, 109Q2 
1010, 1011, IOi2, I013, 1614, 1015, 1017 


STF10, STP11, STF1Z, STF1L3, STF14, STFPLS, STP1? 
I0100Q1, 1011901, 101291, 101391, 101401, 1015901, I017Q1 
101002, 101102, 101202, 101302, I014Q2, 101502, 101702 
“" INPUT LATCHES 

IL4, IL5, IL6, IL7, IL8, IL9 

TL10, [L11, IL12, 113, 1414, I1L15, 1L17 

" BURIED LOGIC CELL 

BLC18, BLC19, BLC20, BLC21, BLC22, BLC23 

declarations " eex*e Ouadrant Il **** 

" I/O LOGIC CELL 


1018, 1019, TO21, 1022, IO23, 1024 


STF18, STF19, STF21, STF22, STF23, STF24 

1018901, 101991, 102101, 1022901, 102391, 1024901 
IO18O2, 191902, 192192, 102202, 102302, [02402 

1025, 1026, IOZ7, 1028, 1029, 1030, 1031 

STP25, Sifz26, SiFZ/, STF28, STF2Z9, STFS0, STP31 
102591, 102601, 102701, 102801, 102901, 103001, 103191 
I02502, 102602, 102702, 102802, 102902, 103002, 103102 
" INPUT LATCHES 

IL18,IGLi9, Tb21, [b22, 1b23, 1L24 

Li25, Lu26, lb2?, Lib28, 1429, 1430, 1b31 

“ BURIED LOGIC CELL 


BLC12, BLC13, BLEC14, BLC15,BLC16,BLCi/ 


AIMEL 


pin 4,5,6,7,8,9 istype ‘buffer,reg d’'; 

node 69,70,71, 72,73, 74; 

node 761,762,763, 764, 765, 766; 

node 121,122,123, 124,125, 126; 

pin 10,11,12,13,14,15,17 istype 
‘butfer,xneg d’ 

node 75,76,77,78,79, 80,81; 

node 767,768,769,770,771,772, 773; 

node i2Z7,128,129, 130,131,132, 1333 


node 813,814,815,816,817, 818; 
node $19,620, 621,822,823, 824,825; 


node 178,177,176,175,174,173 3 


pin 168,19,21,22,23,24 istype 
"butter, reqg_a’ ; 
node 82, 83,84, 85, 86,87; 
node 774,775,776,777, 778,779; 
node 134,135,136,137, 138,139; 
Pin 25,26,27,26,29,30,31 ISTYPE "BSUFFER* 
node 88,89, 90,91, 92, 93,94; 
node 780,781,782, 783,784,785, 786 ; 
node 140,141,142,143,144,145,146 ; 


node 826,82/,828, 829,630, 831; 
node 832,833,834, 835,836, 837, 838; 


node 164,183,162, 181, 180, 1/9; 
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declarations " xx*xk Quadrant III **** 


" I/O LOGIC CELL 

I038, 1039, 1040, 1041, 1042, 1043 

STF38, STF39, STF40, STF41, STF42, STF43 
I038Q1, 103901, 1040Q1, 104191, 104201, 1043Q1 
I038Q2, 103902, 104002, 104102, 104202, 1043Q2 


I044,1045, 1046, 1047, 1048, 1049, IO51 

STF44, STF45, STF46, STF47, STF48, STF49, STF51 
I044Q1, 1045Q1, 1046Q1, 104701, 104801, 104901, 1051Q1 
I1044Q2, 104592, 104602, 1047Q2, 104802, 104902, 1051Q2 
" INPUT LATCHES 

IL38,1IL39, IL40,1L41, IL42, IL43 
IL44,1L45, IL46, 1L47, IL48,1IL49, IL51 

" BURIED LOGIC CELL 


BLC6, BLC7, BLC8, BLC9, BLC10, BLC11 
declarations " xkkk Quadrant IV **** 

" I/O LOGIC CELL 

T1082, 1053, 1055, 1056, 1057, 1058 

STF52Z, STF53, STF55, STF56, STFS7, STF5S8 

465201, 105301, 105501, 1056901, 105791, 165801 

TO5202 , 105302, 1905502, 105602, 105702, 105802 

I059, 1060, 1061, 1062, 1063, 1064, I065 

STF59, STF60, STF61, STF62, STF63, STF64, STF65 
105901, 106001, 106191, 106201, 1063Q1, 106401, 106591 
I059Q2, 106002, 106102, 106202, 1063Q2, 1064Q2, 1065Q2 
" INPUT LATCHES 

TL52, 1L53, [Lo5, [L56, ILs7, ILbS8 

IL59, IL60, IL61, IL62, IL63, IL64, IL65 

" BURIED LOGIC CELL 


BLCO, BLC1, BLC2, BLC3, BLC4, BLC5 


H, Lb, €,D,K,U,X,2 = 1,0,.C., .Dsiy sKe yg sey cXey Zaz 


= MACRO (INPUT LATCH) 

INPUT LATCH MACRO (IL, I0,QUAD_ LE) 
{?IL.D = ?I10; 

?IL.LE = ?QUAD LE; } 

equations 

x INPUT LATCH 


pin 38,39,40,41,42,43; 

node 95,96,97,98,99,100; 

node 787,788,789, 790, 791, 792; 

node 147,148,149,150,151,152 
istype’reg t’; 

pin 44,45,46,47,48,49,51; 

node 101,102,103,104,105,106,107; 

node 793,794,795, 796,797, 798, 799; 

node 153,154,155, 156,157,158, 159; 


node 839,840,841, 842, 843, 844; 
node 845,846, 847,848,849, 850, 851; 


node 190,189,188,187,186,185 
ISTYPE ‘REG D'‘; 


pin 52,53,55,56,57,58 istype ‘buffer’; 
node 108,109,110,111,112,113; 

node 800,801,802, 803, 804, 805; 

node 160,161,162,163, 164,165; 

pin 59,60,61,62,63,64,65 istype ‘buffer’; 
node 114,115,116,117,118, 119,120; 

node 806,807, 808,809,810, 811, 812; 

node 166,167,168,169,170,171,172; 


node 
node 


852,853,854, 855,856, 857; 
858,859,860, 861,862, 863, 864; 


node 196,195,194,193,192,191; 


"Each of the 52 I/Os has an input latch. When the quadrant latch enable is high, 


"the pin value is latched. 


"When the quadrant latch clock is low, 
IL4.D = [04; "The .D and the .LE (latch enable) 
IL4.LE = I1; “latch in ABEL AHDL. 


the latch becomes transparent. 


extentions are required to describe a 


The only allowed input to he latch is the IO pin it 


“associates with. Theonly allowed .LE input is the quadrant latch enable. 


"They are Pin 1, 34, 35, 


and 68. 


"INPUT _LATCH macro is another way to describe the latch. 


“Latch Pin 5 
"Latch Pin 6 


INPUT LATCH 
INPUT LATCH 


(IL5,105,11); 
(IL6, 106,11); 


I04.d = !104.fb; " When .oe is enabled by I08, 
I04.0e = I108; "When .oe is disabled by 
I04.ck = 1; 

I04.ce = 12; 

IO7 = IL4; 


test_vectors ( "Test the latches... 
[I1, 12,108, 104]-[104,107]) 


[ 0, 0; 1,% ‘J => [ 0, O J; “Transparent 


IO04 outputs a l bit counter. 
!TO8, 


I04 latches a data bit from the bus. 
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[f @, €, 1,% ] — > l, 1]; “Transparent 

i Do, ©, 0,0 ] = | is O J; “Disable .oe and latch 0 
a ae ee es ] a | 0, O ]J; “Latched 0 

EL dy Ge Lk ] -—> |[ Ly O J; “Latched 0 

[ DB, €, 1K 4) = 0, O J; “Transparent 

f O,. &, lak ] ~> | i; 1 ]; “Transparent 

[U, Gy dah 1] -—> [ CG, O J; “Transparent 

LG, 8, 2, 2 ] -—> | Z, 1]; “Disable .oe and latch 1 
L dy Of 12% | =—> | 0. 1 J; “Latched 1 

Ll be Ge Le Xe ‘) => | iy 1 jJ; “Latched 1 

f dy Ge Ly mh -> [ 0, 1 J; “Latched 1 

equations 


u CLOCKING OPTIONS 

"There are different methods of clocking the registers in the ATV5000. The clock is 
"best described as either the AND function of (Quadrant Clock & Clock Product term) 
"or the product term by it self. In the following examples the register can be a 
"name from a pin, Ql, Q2, or Buried Logic Cell. The register can be either .t or 

” <a flip-flop. 


I022.da = !I1022.fb; 
I022.ck = 1018 & !1019; "Note there is no .ce equation defined. This is an 
I022.ar = 1021; “asynchronous clocking method where the quadrant clock 


"has no effect. 
test vectors { 


[I018,1019,1I021 ] => [| [022 }) 

[ 0, 0,1 ] -> [ 0 |; 

[ 0, 0,0 i = | O07; 

[ C, 0,0 ] =—> | L dF 

[ C, 0,0 ] => | Oj; 

equations 

I023.d = !1023.fb; 

I023.ck = I018 & !1I019; "The clock product term (.ck) is used to gate the quadrant 
I0Z23.ce = I32; "clock pin. Using quadrant clock pin in a synchronous mode 
I023.ar = 1021; “allows higher clock rate. Pin 32 is the Quadrant 2 clock pin. 
test vectors ( 

[i32,101L8, 1019,1021 |] => [ I023]) 

[ 0, 1, 0, b| ] => [ O]; 

[ Cc, 0,0, O ] -> [ O]; “Product term blocks quadrant clock 

[ C, 1,0, 0 ] -> [ lJ]; “Product term enables quadrant clock 

[ C, 1,0, O ] = [ O]; 

equations 

I024.d = !1024.fb; 

I024.ck = 1; "Note that the .ck is defined to 1. The quadrant clock is the only 
I024.ce = 132; "clocking element. The .ce is Pin 32 because it’s the proper quadrant 
I024.ar = 1021; "clock to use for synchronous operation. 

test. vectors ( 

{f 132, 1021 j] -> { I¢24 1) 

[ 0, 1 } <= | ]; 

[ C, 0 } => { 4b ]; 

[ C, 0 ij «= [| 8 l; 

[ C, 0 , o-> fF 1 l; 


" D-TYPE and T-TYPE REGISTERS 

"All the registers in the ATV5000 can be configured as D or T type. The ISTYPE 
"statement after the PIN or NODE definition tells ABEL which type of register is 
“needed. 

"ABC node 122 istype ‘reg t’; 

" XYZ pin 5 istype 'reg d’; 

"Use the .t extension for ABC and .d extension for XYZ when you write the equations. 


equations 

" 3 Bit Synchronous Counter using T flip-flops 

I038Q02.t = 1; I03802.ck = 1; I038Q02.ce = 136; IO03802.ar = 1038; 
I03902.t = 103802; I039Q02.ck = 1; I039Q2.ce = 136; I039Q2.ar = 1038; 
I04002.t = I038Q2 & 103902; I04002.ck = 1; I040Q2.ce = 136; I04002.ar = 1038; 
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( 
[ 136, I038 ] -> [ 104002, 103902, 1038Q2] ) 
[ 0, 1 } -> [ 0, 0, 0 J; 
Lt & 0 ] => [{ 0, 0, 2 J2 
rE ¢, 0 ] =—> [| 0, i, @ Is 
[ Cc, 0 ] => | Uy Ly 1 De 
[ C, 0 ] ~- [ 1, 0, 0 ); 
[ C, 0 ] =? [ 1, 0, i ]; 
[ 0 ] => [| 1, 1, 8 Is 
[ C, 0 ] ~~ [1, l, 1 ]3 
[ Cc, 0 } -> [ 0, 0, O |; 
equations 
" 3 Bit Synchronous Counter using D flip-flops 
BLC6.d = !BLC6; BLC6.ck = 1; BLC6.ce = 136; BLC6.ar = 1038; 
BLC7.d = BLC6 $ BLC7; BLC7.ck = 1; BLC7.ce = I36; BLC7.ar = I038; 
BLC8.d = BLC8 $ (BLC6 & BLC7); BLC8.ck = 1; BLC8.ce = 136; BLC8.ar = 1038; 


test vectors 


( 


[ I36, I038 ] -> ([BLC8,BLC7,BLC6]) 
[ 0, 1 ) -—> | O, O, 0 J; 
[ Cc, Oj] -> [ 90, O, 1 |; 
[ C, 0 ] mae [ 0, 1, 0 ]; 
[ Cy 0 ) -> [ Oy Le L. Ie 
[ ¢C, OO] -> [{ 1, 9, 0 J; 
[ C, Oj] -> [{ 1, 90, 1]; 
[ C, 0 ] > | 1, 1, 0 |; 
[ & @ } -> — de dey 1 |; 
[ Cc, Oj] -> [ 0, 0 0 7j; 


~ 


UNIVERSAL AND REGIONAL PRODUCT TERMS 
A Regional product term has inputs from all the feedbacks of its quadrant Buried 
Logic Cells, Ql’s, Q2's, and the dedicated Inputs. In addition, a Universal 
product term has the Pin/B Sum Term Feedbacks. 

OUTPUTS and FEEDBACKS 
Combinatorial: 
Use IO pin name to define the equation. The sum terms may combine to allow 5, 9, 
or 13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 5 or less product terms, it leaves Q1 and Q2 each with 4 product 
Lerms to use. 


e I052 = up to 5 PRODUCT TERMS (2 UNIVERSAL) 
_ I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 

ae T052Q1.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
os 105201 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q1.ce = QUADRANT CLOCK 

" TO5201 .ar = 1 PRODUCT TERM (1 UNIVERSAL) 

" I052Q1.ap = 1 PRODUCT TERM (1 UNIVERSAL) 

" IO052Q02.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
* TO5202 .ck - 1 PRODUCT TERM (1 UNIVERSAL) 

" I05202.ce = QUADRANT CLOCK 

7 I052Q02.ar = 1 PRODUCT TERM (1 UNIVERSAL) 

“ I052Q2.ap = 1 PRODUCT TERM (0 UNIVERSAL) 

" ALLOWED FEEDBACKS: SOURCE: 

e TO52 a Pin feedback, after the buffer/inverter. 


105201, 105201 .FB = 
T105202, 105202.FB -- 
Combinatorial: 

If the reduced equation requires 6 to 9 product terms, 
terms to use. Q1 will 


Ql register feedback. 
Q2 register feedback. 


it leaves Q2 with 4 product 
feedback the A Sum Term portion of the output logic. 


= §61052 up to 9 PRODUCT TERMS (3 UNIVERSAL) 
" 1052.0¢e = 1 PRODUCT TERM (1 UNIVERSAL) 

"  T05202.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
"  —T05202 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 

" 105202 .ce = QUADRANT CLOCK 

= IO52Q2.ar = 1 PRODUCT TERM (1 UNIVERSAL) 

" 105202.ap = 1 PRODUCT TERM (0 UNIVERSAL) 
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ALLOWED FEEDBACKS: SOURCE: 

T1052, 1O052.PIN a Pin feedback, after the buffer/inverter. 
105202, I105202.FB,105202.Q -- Q2 register feedback. 

Combinatorial: 


If the reduced equation requires more than 9 product terms, it leaves no product 
terms for Ql and Q2. Q1 feeds back A Sum Term and Q2 feeds back C Sum Term 


L052 = up to 13 PRODUCT TERMS (4 UNIVERSAL) 

I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 

ALLOWED FEEDBACKS: SOURCE: 

1652 -- Pin feedback, after the buffer/inverter. 
Registered: 


Use IO pin name to define the equation. The sum terms may combine to allow 4, 9, 
or 13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 4 or less product terms, you may define a 5 product term 
equation for the STF (Sum Term Feedback) and define a 4 product term equation for 
Oz « 


I052.(d or t} = up to 4 PRODUCT TERMS (1 UNIVERSAL) 

I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 

1OS2 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 

IO052.ce = QUADRANT CLOCK 

1052 .ar = 1 PRODUCT TERM (1 UNIVERSAL) 

IO52.ap = 1 PRODUCT TERM (1 UNIVERSAL) 

STF52 = up to 5 PRODUCT TERMS (2 UNIVERSAL) 

I05202.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 

LO5202 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 

IO52Q2.ce = QUADRANT CLOCK 

lO52Q2 .ax = 1 PRODUCT TERM (1 UNIVERSAL) 

I05202.ap = 1 PRODUCT TERM (0 UNIVERSAL) 

ALLOWED FEEDBACKS: SOURCE: 

I052.FB -- Register feedback prior to buffer/inverter. 
LO5202, L05202.FE -- Q2 register feedback. 

SIE SZ -- Sum Term Feedback for logic expansion. 
Registered: 


If the reduced equation requires 9 to 5 product terms, you may write a 4 product 
term equation for Q2. 


LO32«(2 OF Tt) = up to 9 PRODUCT TERMS (3 UNIVERSAL) 

I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 

TO52.¢k = 1 PRODUCT TERM (1 UNIVERSAL) 

I052.ce = QUADRANT CLOCK 

IO52.ar = 1 PRODUCT TERM (1 UNIVERSAL) 

IO052.ap = 1 PRODUCT TERM (1 UNIVERSAL) 

I052Q2.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 

T052Q2.ck = 1 PRODUCT TERM (1 UNIVERSAL) 

105202 .ce = QUADRANT CLOCK 

TO5202 .ar = 1 PRODUCT TERM (1 UNIVERSAL) 

I05202.ap = 1 PRODUCT TERM (0 UNIVERSAL) 

ALLOWED FEEDBACKS: SOURCE: 

1652 -- Pin feedback, after the buffer/inverter. 
I052,.FB -- Register feedback prior to buffer/inverter. 
TO05202, 105202.FB, -- Q2 register feedback. 

Registered: 


If the reduced equation requires more than 9 product terms, it leaves zero 
product terms for Ql and Q2. 


1O05Z.(d oe t} = up to 13 PRODUCT TERMS (4 UNIVERSAL) 

I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 

1052 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 

I052.ce = QUADRANT CLOCK 

lOS2 .ar = 1 PRODUCT TERM (1 UNIVERSAL) 

I052.ap = 1 PRODUCT TERM (1 UNIVERSAL) 

ALLOWED FEEDBACKS: SOURCE: 

L052; -- Pin feedback, after the buffer/inverter. 
I052.FB -- Register feedback prior to buffer/inverter. 
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= AP, AR, and CK 

"Each of the 128 registers has its own .AP (Asynchronous Preset), .AR (Asynchronous 
" Reset) and .CK. All ARs and CKs are Universal product terms. The APs are Universal 
"product terms except the APs for Q2. 

“NOTE: AP and AR should never be active at the same time. 


equations 

I010.d = !1010.fb; 
I010.ck = I08; 
I010.ar = 1011; 
I010.ap = 1012; 


test vectors ( 


[ I08, I011, 1012 ] => { I010]) 
[ O, 1, 0 ] —- [ 0 ]; “AR 
[ 0, 0, 0 ] =? [ 0 ); 
[ C, 0, 0 ] -—> [ if ]; 
[ C, QO, 0 ] “2 [ 0 iF 
[ 0, 0, 1 J] => [| 2 lF “AP 
[ 0, 1, 0 ] -> [ O J; “AR 


‘ 
” BURIED LOGIC CELLS 
"Buried Logic Cell can be configured as a register feedback like Q2. It can also be 
"configured as combinatorial feedback to accommodate for logic expansion. 


equations 

BLC17.t = 1; "Registered 
BLC17.ck = £I[09; 

BLCl7.ar = £1021; 

BLC14 = I1; "Combinatiorial 
1025 = BLC17; 

1026 = BLC14; 


test_vectors ( 


[I09, I021, I1 ] -> [| BLC17,BLC14, 1025, 1026] ) 
[ 0, 1, 0 ] -> [ 0, 0, 0, 0 | 

[| ¢, 0, 0 ] => [ 1, 0, 1, O is 

[ 0, 0, 1 J == [Ely 1, fy 1 Jz 

[ Ce DO, aA ] => [| O, 1, O, 1 Iz 

[ Cc, O, O ] —> [ lL, 0, ad, 9 IF 

END; 
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Example CUPL™ Description File 


Name V5K; 
Partno NA; 
Date 7/22/91; 


Revision 01; 

Designer Joe Yu; 

Company ATMEL Corporation; 

Assembly NA; 

Location U1; 

Device V5000; 

Format J 

/* Compiled with CUPL 386 version */ 

/* The IOs, registers, inputs, and combinatorial sum terms feedbacks are named with 
* the following prefixes for clarity: 


* Prefix 

~ FT - Quadrant Clocks, Latch Enables. 

* IO =- IO pins 

* BLE - Buried Logic Cells 

* STF - Sum Term Feedbacks 

* Valid CUPL HDL identifiers can be used in place of them. */ 
pin 1 = Tl; /* Quadrant 1 Latch Enable/Input */ 
pin 2 = I2; /* Quadrant 1 Synchronous Register Clock/Input */ 
pin 32 = I32; /* Quadrant 2 Synchronous Register Clock/Input */ 
pin 34 = 134; /* Quadrant 2 Latch Enable/Input */ 
pin 35 = [352 /* Quadrant 3 Latch Enable/Input */ 
pin 36 = 136; /* Quadrant 3 Synchronous Register Clock/Input */ 
pin 66 = 166; /* Quadrant 4 Synchronous Register Clock/Input */ 
pin 68 = 168; /* Quadrant 4 Latch Enable/Input x / 


[KKK Quadrant I KK KK / 
/* I/O LOGIC CELL */ 


/* SSS == x / 
pin [4..9] = [TO4..9];} 
pinnode [209..204] = [STF4. .9]; 


pinnode [157..152] = 
pinnode [105..100] = 
pin [10. «25; 17) = 
pinnode [203..197] = 
pinnode [151..145] = 
Pinnode [99..93] = 
/* BURIED LOGIC CELL a? 
/* ee x / 
pinnode [69..74] ts 
/**** Quadrant II 
/* I/O LOGIC CELL */ 
/*x ============== x / 
pin [18,19,21..24] = 
pinnode [210..215] = 
pinnode [158..163] = 
pinnode [106..111] = 
pin eo ee y | - 
pinnode [216..222] = 
pinnode [164..170] = 
pinnode [112..118] = 
/* BURIED LOGIC CELL +f 
/* sesseesse===5==== x / 
pinnode [80..75] = 
Peres Quadrant Iii 
/* I/O LOGIC CELL ny 
/* s=s==s========== x / 
pin (38..43] 
pinnode [235..230] 


[104Q1, 105Q1, 10601, 10701, 108Q1, 109Q1]; 

[104Q2, 10502, 10602, 10702, 10802, 10902]; 
[I010..15,1017]; 

[STF10..15,STF17]; 

[1010Q1, 101191, 101201, I013Q1, 1014Q1, 1015Q1, 101701]; 
[1010Q2, 101192, 101202, 1013Q2, 1014Q2, 101592, 101702); 


(BLC18..23); 


KKK / 


[1018, 1019, T021..24]; 

[STF18,STF19,STF21..24];3 

[1018Q1, 1019Q1, 102191, 102201, 102301, 102401]; 
[I1018Q2, 1019Q2, 1021902, 102202, I023Q2, 102402); 

[10295 «32,) 7 

[SLE Zo. we) F 

[I02501, 102601, 102701, 1028O1, I029901, 103001, 103101]; 
[1025Q2, 102602, 102702, 1028Q2, 102902, 103002, 103102]; 


[BLC12..17]; 
KKK / 

[1038..43]3 
[STF38..43]; 
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pinnode [183..178] = (103801, 1039Q1, 1040Q1, 104191, 104201, 1043901]; 
pinnode [131..126] = [1038Q2, 103902, 1040902, 104192, 104202, 104302]; 

pin [44..49,51] = [1044..49, 1051]; 

pinnode [229. .223] = [STF44..49,STF51]; 

pinnode [177..171] = [104401, 104501, 104601, 104791, 104801, 104901, 105101); 
pinnode [125..119] = (104402, 104502, 104602, 1047Q2, 1048Q2, 104902, 105102); 
/* BURIED LOGIC CELL mf 

/* —————— x / 

pinnode [81..86] = [BLC6..11]; 


freee Onadrant IV s***/ 


/* I/O LOGIC CELL at 5 


/* ———— * / 

pin [52,53,55..58] = [Tds2, 1053,1055..58) ; 

pinnode [236..241] = [STPS2,STF53, STYS5. 5098) % 

pinnode [184..189] = [I052Q01, 105301, 105501, 105601, 105701, [05801] ; 
pinnode [132..137] = [105202, I1053Q2, 105592, 105602, 105792, 105802]; 

pin [59..65] = (1059. .65] ; 

pinnode [242..248] = [STF59..65]; 

pinnode [190..196] = [105901, 1060Q1, 1061901, 106201, 106301, I1064Q1, 106501); 
Ppinnode [138..144] = [105902, I1060Q2, 106102, 106202, 1063Q2, 106402, 106592) ; 
/* BURIED LOGIC CELL =f 

/* =======s========== x / 

Ppinnode [92..87] = [BLCO..5]; 

fx INPUT LATCH 


Each of the 52 I/Os has an input latch. When the quadrant latch enable is high, 
the pin value is latched. When the quadrant latch clock is low, the latch becomes 


transparent. of 
I04.d = !104; 
I04.0e = I108.i0; 
T04.ce = ‘'B‘'l; 
IO7 = IO4.IOL; /* When the latched input is needed in the design, i.e.. I04.IOL, 104 


/* 


is configured as having a latched input. a 
CLOCKING OPTIONS 


There are different methods of clocking the registers in the ATV5000. The clock is 
best described as either the AND function of (Quadrant Clock & Clock Product term) 
or the product term by it self. In the following examples the register can be a 
name from a pin, Ql, Q2, or Buried Logic Cell. The register can be either  .t or .d 


Clip-flpp. ny 

I022.d = !1022; 

I022.ck = 1018 & !1019; /* Note there is no .ce equation defined. This is an x / 

I022.ar = 1021; /* asynchronous clocking method where the quadrant clock */ 
/* has no effect. af 

1023.d = !1023; 

I023.ce = IO18 & !1019; /* The clock product term is used to gate the quadrant lt 

I023.ar = 1021; /* clock pin.Using quadrant clock pin in a synchronous */ 

I024.d = !1024; /* mode allows higher clock rate. Pin 32 is the Quadrant */ 
/* 2 elock pin. x/ 

I024.d = !1024; 

I024.ce = ‘B'l; /* Note that the .ce is defined to 1. The quadrant clock */ 

I024.ar = 1021; /* is the only clocking element. The clock is Pin 32 lf 
/* because it’s the proper quadrant clock to use for x/ 
/* synchronous operation. mf 


/* 


D-TYPE and T-TYPE REGISTERS 


All the registers in the ATV5000 can be configured as D or T type. Use the .d 
extension for D type register and .t extension for T type register. a 
Synchronous Counter using T flip-flops */ 


f*® 3 Bit 
LO38Q2 .t 
IG3S9Q2 .t 
I040Q02.t 
f* 3 Bat 
BLC6.d = 
BLC7.d = 
BLC8.d = 


= 'B'l; I038Q02.ce = 'B’'l; I038Q2.ar = 1038; 
= 103802; I039Q2.ce = 'B’'l; I039Q02.ar = 1038; 
= I038Q2 & 103902; I040Q2.ce = 'B’'l; I040Q2.ar = 1038; 
Synchronous Counter using D flip-flops */ 

'BLC6; BLC6.ce = 'B’1l1; BLC6é.ar = 1038; 
BLC6 $ BLC7; BLC7.ce = 'B'l; BLC7.ar = 1038; 
BLC8 $ (BLC6 & BLC7); BLC8.ce = 'B’'l1; BLC8.ar = 1038; 
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/* 


/* 


/* 


/* 


/* 


UNIVERSAL AND REGIONAL PRODUCT TERMS 
A Regional product term has inputs from all the feedbacks of its quadrant Buried 
Logic Cells, Q1’s, Q2’s, and the dedicated Inputs. In addition, a Universal product 
term has the Pin/B Sum Term Feedbacks. at 
OUTPUTS and FEEDBACKS 
Combinatorial: 
Use IO pin name to define the equation. The sum terms may combine to allow 5, 9, or 
13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 5 or less product terms, it leaves Ql and Q2 each with 4 product 
terms to use. 
I052 
I052.0e 
IGS201.(d or t) 
IO52Q1.(ck or ce) 
I052Q1.ar 
I052Q1.ap 
I052Q2.(d or t) 
I052Q2.(ck or ce) 


up to 5 PRODUCT TERMS (2 UNIVERSAL) 
1 PRODUCT TERM (1 UNIVERSAL) 
up to 4 PRODUCT TERMS (1 UNIVERSAL) 
1 PRODUCT TERM (1 UNIVERSAL) 
1 PRODUCT TERM (1 UNIVERSAL) 
1 PRODUCT TERM (1 UNIVERSAL) 
up to 4 PRODUCT TERMS (1 UNIVERSAL) 
1 PRODUCT TERM (1 UNIVERSAL) 


I05202.ar = 1 PRODUCT TERM (1 UNIVERSAL) 

TO052Q2.ap = 1 PRODUCT TERM (0 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
1052, 1052.10 mie Pin feedback, after the buffer/inverter. 
I052Q1 = Ql register feedback. 
I052Q2 -- Q2 register feedback. of | 
Combinatorial: 


If the reduced equation requires 6 to 9 product terms, it leaves Q2 with 4 product 
terms to use. Q1 will feedback the A Sum Term portion of the output logic. 

I052 up to 9 PRODUCT TERMS (3 UNIVERSAL) 

I052.0e 1 PRODUCT TERM (1 UNIVERSAL) 

TO5202.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 

105202.{(ck or ce) 1 PRODUCT TERM (1 UNIVERSAL) 


TOSZ0O2.ar = 1 PRODUCT TERM (1 UNIVERSAL) 

I052Q2.ap = 1 PRODUCT TERM (0 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
L052, 1052.10 sens Pin feedback, after the buffer/inverter. 
I052Q2 -- Q2 register feedback. a} 
Combinatorial: 


If the reduced equation requires more than 9 product terms, it leaves no product 
terms for Q1 and Q2. Q1 feeds back A. Sum Term and Q2 feeds back C Sum Term. 
TOSZ = up to 13 PRODUCT TERMS (4 UNIVERSAL) 


I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
TO52, 1052.10 == Pin feedback, after the buffer/inverter. a/ 
Registered: 


Use IO pin name to define the equation. The sum terms may combine to allow 4, 9, or 
13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 4 or less product terms, you may define a 5 product term equation 
for the STF (Sum Term Feedback) and define a 4 product 

term equation for Q2. 


T1052. (dad or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
1052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 

L052. (eK OF ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
[032.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ap = 1 PRODUCT TERM (1 UNIVERSAL) 

STF52 = up to 5 PRODUCT TERMS (2 UNIVERSAL) 

IOS202.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 


I05202.(ck or ce) 


1 PRODUCT TERM (1 UNIVERSAL) 


IO052Q2.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ap = 1 PRODUCT TERM (0 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
1082 —— Register feedback prior to buffer/inverter. 
LOS 202 canal Q2 register feedback. 
STF52 == Sum Term Feedback for logic expansion. xf 
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/* Registered: 
If the reduced equation requires 9 to 5 product terms, you may write a 4 product 
term equation for Q2. 


I052.(d or t) = up to 9 PRODUCT TERMS (3 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 
IO52.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ap = 1 PRODUCT TERM (1 UNIVERSAL) 
105202 .(d or €t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
I0520Q2.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
TO052Q2.ap = 1 PRODUCT TERM (0 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
TOs « LO — Pin feedback, after the buffer/inverter. 
IO52 fie Register feedback prior to buffer/inverter. 
I052Q2 -- Q2 register feedback. */ 


/* Registered: 
If the reduced equation requires more than 9 product terms, it leaves zero product 
terms for Ql and Q2. 
1052.(d or t) = up to 13 PRODUCT TERMS (4 UNIVERSAL) 


I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 
IO52.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
IOS2,.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ap = 1 PRODUCT TERM (1 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
I052.10 -- Pin feedback, after the buffer/inverter. 
T1052 a Register feedback prior to buffer/inverter. */ 
fs AP, AR, and CK 
Each of the 128 registers has its own .AP (Asynchronous Preset), .AR (Asynchronous 


Reset) and .CK or .CE. All ARs and CKs are Universal product terms. The APs are 
Universal product terms except the APs for Q2. 


NOTE: AP and AR should never be active at the same time. Ff 
1910.0 = !TO10; 
I010.ck = I[08; 
I010.ar = I[011; 
I010.ap = 1012; 
j* BURIED LOGIC CELLS 


Buried Logic Cell can be configured as a register feedback like Q2. It can also be 
configured as combinatorial feedback to accommodate for logic expansion. */ 


BLC17.t = ‘Bl; /*Registered */ 
BLC17.ck = LOS; 

BLCl7.ar = £1021; 

BLC14 = I1;/*Combinatiorial */ 
1025 = BLC17; 

I026 = BLC14; 

END; 
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Features 


e Advanced Programmable Logic Device - High Gate Utilization 
e Pin-Compatible with Atmel’s ATV5000 
e Flexible interconnect Architecture - Similar to ATV5000 with More 
Emphasis on Universal Routing 
Flexible Logic Cells - 128 Flip-Flops and 52 Latches 
Multiple Flip-Flop Types - Synchronous or Asynchronous Registers 
High Speed - 50 MHz Operation 
Complete Third Party Software Support i " 

No Placement, Routing or Layout Software Required H Ig h Density 
e Proven and Reliable High Speed CMOS EPROM Process UV Erasa ble 


2000 V ESD Protection 
200 mA Latchup Immunity Prog ram mable 
e Commercial, Industrial and Military Temperature Grades Logic Device 


e Reprogrammable - Tested 100% for Programmability 


Block Diagram 


8 UNIVERSAL 
INPUT AND 


52 
PINS REGIONAL 52 LOGIC CELLS SING 
INTERCONNECT (104 FLIP-FLOPS) 


24 BURIED CELLS 
(24 FLIP-FLOPS) 


Description 

The Atmel V5100 is an easy to use, high density programmable logic device. Its simple, reg- 
ular architecture translates into increased utilization and high performance. Additional univer- 
sal routing simplifies design fitting. 

The ATV5100 has one programmable combinatorial logic array. This guarantees easy inter- 
connection of and uniform performance from all nodes. "Sum terms", which are easy to use 
groupings of AND-OR gates, provide combinatorial logic blocks. Sum terms can be wire- 
OR’d together to integrate larger logic blocks. To expand the levels of logic, buried sum terms 


continued on next page 


vcc GND 


Chip Carrier —_—wo— IN Neo OO 
Pin Configuration | 1 | 
v0 10 
TIN | Legleand Clock tapats | 
Pins 2,32,36,66 | Input/Register Clocks 1-4 er — 
Pins 1,34,35,68 | Input/Latch Clocks 1-4 i. a 
VO Bidirectional Buffers "| . 
vcc +5 V Supply 1 us 


35 
— WO —IN [LU IN —| “— vo — 
GND = VCC 
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Description (Continued) 


feed back into the logic array. The 52 I/O pins can each be 
driven by a register or a sum term. Each I/O pin has an individ- 
ually enabled input latch. 


All 128 registers are configurable as D- or T-types without using 
extra logic gates. Individual sum terms, asynchronous presets, 
resets and clocks give each flip-flop added flexibility. A direct 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 


Respect to Ground -2.0 V to +7.0 V' 


Voltage on Input Pins 
with Respect to Ground 


During Programming -2.0 V to +14.0 V' 


Programming Voltage with 
Respect to Ground 


-2.0V to +14.0 V! 
7258 W-sec/cm?* 


Integrated UV Erase Dose 


Functional Logic Diagram Description 


There are 52 identical Input/Ouput logic cells and 24 identical 
buried logic cells in the ATV5100. Each I/O cell has two flip- 
flops, up to three sum terms, individual clock, reset, and preset 
terms per flip-flop, and one output enable term. Independent of 
output configuration, all flip-flops are always usable, and have 
at least four Product Term inputs each. 


Each I/O pin (52 total) signal or its latched version drives the 
logic array. There is one latch clock per quadrant. 


The ATV5100 has four identical quadrants (see Figure 2). The 
Universal Bus routes true and false signals from each of the 52 
I/O pins to all four quadrants. Regional buses route each 
quadrant’s flip-flop Q and Q locally. The eight input-only pins 
are available in all four regional buses. 

Each logic cell has a number of "regional" and "universal" prod- 
uct terms (see Figure 1). The I/O Logic Cells contain three sum 
terms, two flip-flops, and an I/O buffer. 

The Buried Logic Cells each contain one Flip-flop. In addition, 
in each buried logic cell the sum term can drive the regional bus. 
This allows for logic expansion. 

Serial register preload and observability simplify testing. All 
registers automatically clear at power up. 


ATV5100/L 
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"clock from pin" option guarantees synchronization and fast 
clock to output performance. 


Standard, off-the-shelf third party software tools and program- 
mers support the ATV5100. This minimizes start-up invest- 
ment and improves product support. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+0.75 V de which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


Quadrant Functional Logic 
Diagram ATV5100 


UNIVERSAL INPUTS 


UNIVERSA 
PRODUCT 


TERMS INPUT/OUTPUT 


LOGIC CELLS ry vO 
(13 TOTAL PINS 


EGIONAL PER QUADRANT) 
PRODUCT 


TERMS 


PINS 
REGISTER CLOCKS 


UNIVERSA na! 
[| prooucr Las 
HE 
BURIED 


LOG 
REGIONAL © rele 
PRODUCT 2 

TERMS 


(6 TOTAL 
PER QUADRANT) 
REGIONAL INPUTS 


UNIVERSAL BUS REGIONAL 
TO ALL BUS 
QUADRANTS 
Figure 1 
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D.C. and A.C. Operating Range 


ATV5100-25 ATV5100/L-30 ATV5100/L-35 
o"C-70'C o"C=70°C OC = 70°C 


Operating 
Mil. -55°C - 125°C -55°C - 125°C 
Vcc Power Supply 5V+10% 5V+10% 5V+10% 


ATV5100 Block Diagram 
REGISTER REGISTER 
CLOCK PIN 2 QUADRANT REGIONAL REGIONAL QUADRANT CLOCK PIN 66 
LATCH ——4 y— LATCH 
CLOCK PIN 1 ‘aan pommel LOCK PIN 68 
13 VO PINS GH 13 1/0 CELLS 13 VO CELLS + 13 VO PINS 
4-15,17 Poe hE UElUlUlU™U™~t~<“‘<‘<‘<i<i—<i—i—i<i<~iaS:SCR ; 52,53,55-65 
eo TL a 
| @ BURIED 6 BURIED 
' LOGIC CELLS | LOGIC CELLS 
REGSTER |... ss : UNIVERSAL | [Lil ji... ae REGISTER 
CLOCK PIN 32 BUS CLOCK PIN 36 
LATCH —,| [ — LATCH 
CLOCK PIN 3400p) Sern 3 o's CLOCK PIN 35 
13 VO PINS C=: 13 I/O CELLS : 13 VO CELLS +) 13 I/O PINS 
18,19,21-31 Bh sh tg a oe ee = 38-49,51 
6 BURIED :  =§6 BURIED; 
LOGIC CELLS LOGIC CELLS 
QUADRANT QUADRANT 
REGIONAL INPUT PINS REGIONAL 
BUS 1,2,32,34,35, BUS 
36, 66,68 
Figure 2 
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Quadrant Logic Diagram 
and Description 


The ATV5100 has: four identical quadrants, 52 identical input/ 
output logic cells, and 24 identical buried logic cells. The Uni- 
versal Bus routes true and false signals from each of the 52 I/O 
pins to all four quadrants. Regional buses route each quadrant’s 
flip-flop Q and Q locally. The eight input-only pins are available 
in every Regional Bus. 


Each logic cell has a number of "regional" and "universal" prod- 
uct terms. The I/O Logic Cells contain three sum terms, two 
flip-flops, and an I/O buffer. Sum term B has five product terms 
- three universal and two regional. Sum term A has four product 
terms - two universal and two regional. Sum term C has four 
product terms - three universal and one regional (see next page). 
Flip-flops Q1 and Q2 have universal Clock and regional Preset 
and Reset product terms. There is one regional product term for 
the I/O pin Output Enable. 


The Buried Logic Cells each contain one flip-flop. The sum 
term has three universal product term and two regional product 
terms for a total of five. The flip-flop has a universal Clock 
product term and regional Asynchronous Preset and Reset prod- 
uct terms. In addition, each buried logic cell sum term can be fed 
back into the regional bus instead of the flip-flop. This allows 
for logic expansion. 

Regional product terms have as inputs all quadrant flip-flop out- 
puts (or buried flip flop inputs) and the eight dedicated input 
pins. Universal product terms have the same inputs plus the 52 
I/O pins and their complements. 
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Quadrant Clock Pin Assignments 


Latch 
Clock Pin 


Quadrant 
Number 


Register 
Clock Pin 


2 
32 
36 
66 


Quadrant Logic Diagram 


poh sie RoSStee UNIVERSAL BUS INPUTS aoa 
TERMS Tene REGIONAL BUS INPUTS LATCH 


CLOCK 


REGISTER 
i CLOCK 


[nn nnn nen ern nr nearer nro. 


— ae <| 
ns eed 
>} BurieD 
Let eet 6 LOGIC 
p—— RF 6 TOTAL) 
S 

a 

ay 
UNIVERSAL wk 8 
BUS TO ALL REGIONAL INPUT ONLY PINS 
QUADRANTS US 


Figure 3 
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Logic Cell Options 


The ATV5100 Logic Cells contain most of the chip’s logic op- 
tions. The standard Logic Cell contains two flip-flops, three sum 
terms and three array inputs. The three sum terms can be com- 
bined to provide sum term options of four, five, nine, or 13 prod- 
uct terms. A combinatorial signal or the output of Q1 can be sent 
to the I/O cell. 


The ATV5100 retains the ATV2500’s ability to bury both reg- 
isters in the I/O cell and still output a combinatorial signal (see 
Figure 8). A new feature, unique to the ATV5000 and 
ATV5100, is the ability to output Q1 and feedback the combi- 
natorial term directly (see Figure 7). This high speed logic ex- 
pansion term increases the devices flexibility and gate 
utilization. 


Buried Logic Cells 


Each quadrant has six buried logic cells (see Figure 4). Each cell 
contains one sum term with five product terms, a flip-flop, and 
individual preset, clear, and clock terms. A configuration bit se- 
lects either the Q output or the D input for feedback into the 
regional bus. 


Buried Logic Cells 
R O 


R 


Figure 4 
Clock Option 
RCKn | 
TO 
—- DoH H eee 
CELL 
CLOCK 
PRODUCT | SELECT 
TERM, tCC~d 
Figure 5 


I/O Pin Logic 


Figure 6 
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Logic Cell with Buried Sum Term and 
Register to I/O Cell 


wDwuvUvcc 
2 


BD 
— 
Om 


p> 
aaa | 


CLOCK 
fu) CK1 —~ option 
a 
— 
ey} D2/T2 

CLOCK 
CK2 — OPTION 
'R) AR2 


Figure 7 


Flip-Flop Clock Options 


Each register may be connected to its regional clock to provide 
fast clock to output timing (see Figure 5). In this "synchronous" 
mode, the clock is one of four input pins, a unique clock pin for 
each chip quadrant. One product term defines each flip-flop’s 
clock in the "asynchronous" mode. 


In the "synchronous" mode, the regional clock is ANDed with 


the product term. This provides the fast timing of a synchronous 
clock with the local control of the product term. 


/O Pin Latches 


Each I/O pin of the ATV5100 has an input latch which can be 
individually enabled or disabled (see Figure 6). Each chip quad- 
rant has a unique latch clock. When the latch is inactive, pin 
input flows directly into the array. When activated, the latch is 
flow-through when the clock signal is low, and data is captured 
on the clock’s rising edge. 


Flip-Flop Types 

Each flip-flop in the ATV5100 may be configured as either a T- 
or D-type flip-flop. A T-type flip-flop can also easily be config- 
ured into a JK or SR flip-flop. 
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Logic Cell, Two Buried Registers, Logic Cell with Combinable 
Combinatorial to I/O Cell Sum Terms, Register to I/O Cell 


Dam) D1/T1 Qi 

Daa me 
CLOCK 

CK1 — opTION 


AR1 


CLOCK CLOCK 
}u) CK2 — opTiION uw) CK2 
Dain Pay ane 

Figure 8 Figure 9 


D.C. Characteristics 


Symbol Parameter Condition Min Typ Max Units 
Te Input Load Current Vin = -0.1 V to Voc+1 V 10 pA 


Output Leakage Current VouT= -0.1 V to Vcc+0.1 V 10 LA 
BA Power Supply Current Vcc=MAX,Vin=GNDor Com. 200 350 mA 
ATV5100 Vcc Outputs Open Ind.,Mil. 200 400 ri 


Power Supply Current Vcc=MAX,Vin=GNDor Com. 20 40 mA 
me ATV5100L Vcc Outputs Open ind. Mil 


Clocked Power Supply _——f = 1 MHz, Vcc = MAX Com. 30 50 mA 
vee Current, ATV5100L Only Outputs Open Ind. Mil. 30 60 = 
(1) | Output Short Circuit _ ; 
Ginvsnt Vout = 0.5 V 90 mA 
Input Low Voltage -0.6 0.8 V 
Input High Voltage 2.0 Voc+0.75 VV 
VIN = ViH or V 
Output Low Voltage i 8 A Con) nid: & mA BAI: 0.5 V 
IOH = -100 pA Vcc-0.3 V 
VOH Output High Voltage = i “ 
IOH = -4.0 MA V 


Note: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 seconds. 
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A.C. Waveforms “” A.C. Waveforms” 
Input Pin Clock Product Term Clock 
tSl tHS tSIA tHA 
REGISTER twS — oe ER twA——— sap 
CLOCK PIN is i ee TERM ke j = 
ASYNCHRONOUS os ASYNCHRONOUS la 
RESET/PRES' <i im \h A 


RESET/PRESET 
? Ms a ee 
REGISTERED VV output output REGISTERED VV output \Youtput 
VALID /\ VALID 


VALID 


FEEDBACKS FEEDBACKS 


OUTPUTS /\ VALID OUTPUTS 
parsers ne malar = 
in K_ XXX Kee Hhe K_XXXmr_ 
[\/\ /\/\ 
Notes: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


Register A.C. Characteristics, Input Pin Clock 


ATV5100-25 | ATV5100/L-30 | ATV5100/L-35 
Parameter 


tos | Clockto Output 

Clock to Feedback po 69 | co | 8 | os 
[tsis__| Input Setup Time” Cs ee 
Feedback Setup Time” a 


Hold Time 
Clock Width 
Clock Period 


Note: 1. Add 3 ns for Universal Product Terms. 


Register A.C. Characteristics, Product Term Clock 


ATV5100-25 | ATV5100/L-30 | ATV5100/L-35 
Parameter 


cea | Ciockto Feedba —=S=~=~=<“~*~dtCi‘SCt | ts |e | 
‘sa [input Setup time” —SSSC~d Cn 
‘sex [Feedback Seuptims” | 
‘wa [Hodtme 
Twa [Oockwatn—sC—‘“‘i SSC 
a 
ao 
a 


Clock Period 
Maximum Frequency (1/tpA) 
Asynchronous Reset/Preset Recovery Time 


Note: 1. Add 3 ns for Universal Product Terms. 


A.C. Waveforms “” 


INPUTS AND 
/O PINS 


INPUT LATCH 
CLOCK 


tEA 
COMBINATORIAL HIGH Z/ / V output 


tER1 
Soave ee ee an. ex 
REGISTERED ae [LV OUTPUT 


/\ ‘Seen 
tPD3 tPD2 tPD4 tER2 tEA2 
INTERNAL VALID VALID 
FEEDBACKS 


Notes: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics 


Feedback to Output Disable 


Input Latch Setup Time 


. 
AP 


t Asynchronous Reset/ 
Preset to Registered Output 
Asynchronous Reset/ 
Preset to Registered Feedback 


Note: 1. Add 3 ns for Universal Product Terms. 


Input Test Waveforms and Output Test Load 
Measurement Levels 5.0V 


3.0V 
R1=450 
AC AC 
DRIVING 1.5V MEASUREMENT (580 MIL.) mle 
LEVELS LEVEL 
0.0V R2=250 


(280 MIL.) ae 


tR, tF<5ns (10% to 90%) 
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Preload and Observability of Registers 


The ATV5100’s registers include circuity to load and unload 
them serially. This feature simplifies testing. Any state can be 
forced into the registers to control test sequencing, and all reg- 
isters may be observed, independent of being buried. A Vin 
level on the Data In pin will force the appropriate register high; 
a Vix will force it low, independent of the polarity or other con- 
figuration bit settings. 

The PRELOAD/OBSERVE State is entered by placing an 11 V to 14 
V signal on pin 68 on the JUCC. When the clock (pin 1) is pulsed 
high, data (pin 2) is clocked serially through all registers in the 
device, as in the following table. All register contents are also 


clocked out of the device on Pin 65 in FIFO fashion. If ob- 
servability only is required, data out should be connected back 
to data in. If preload only is required, OE (pin 66) can be held 
high and data out (pin 65) will remain high impedance. 

Any user contemplating the use of register preload/obervability 
is encouraged to contact Atmel’s EPLD applications depart- 
ment. 


Note: All register clock terms or pins must be low prior to en- 
tering the Preload/Observe state, and low prior to leaving the 


1D tD 1P 
VH 
PRELOAD 
'SP tHP tWPP tWPP 
CLOCK Clock 
i #128 
Pin 65 VV Pin 65 tDMIN = 100 ns 
OxTA (fiat K Rewte X Phan = 50 
__ tERP tHPmin = 50 ns 
OE tWPPmin = 100 ns 
tPRmin = 1000 ns 
tEAP = tERPmMax = 100 ns 
a OO De 0 SES 
Q2 tCOPmax = 100 ns 


Preload / Observe Register Scan Order 


Quadrant 


Pin 
in 


Power Up Reset 


The registers in the ATV5100 are designed to reset during 
power up. Ata point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 

This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must be 
met before driving the clock term high, and 

3) The signals from which the clock is derived must remain sta- 
ble during tpr. 


Quadrant 1 P 4 5 6 eee 15 17 

pea | Din ~Q2 -—Q1 —>B235Q2 —Q1 ~Q2 -Q1i-— + 

Pin 18 19 21 22 eee 31 

(Quadrant 1) Q2 —=Q1 —~Q2 —Q1 ~B17>Q2 —Q1 —Q2 —Q1 s- B12 >~Q2 >—Q1 — (Quadrant 3) 


(Quadrant 2)> Q2 —>Q1 >B113Q2 —Q1 —~Q2 —Qi-— sw B6 >Q2 >~Q1 >~Q2 >Q1 — (Quadrant 4) 
(Quadrant 3) Q2 —=Q1 ~Q2 —Q1 >—B5 —~Q2 —Q1 —~Q2 -Q1— ew BO —+Q2 ~Q1 —Dout 
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B18 >Q2 >~Q1 >Q2 —>Q1 - (Quadrant 2) 


3.8V 
POWER 
tPR 
REGISTERED 
OUTPUTS tS 
tW 
CLOCK 


Parameter Description Min Typ Max Units 


1000 ns 


Power-Up 
aa Reset Time 600 
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Design Flow Diagram Using The ATV5100 


The ATV5100’s simple, regular architecture means that only 
Partition Design simple logic compilers are required to configure the device. No 
Into Manageable Pieces 
State Truth 
Machines Tables 


layout or route and place are required. These software tools are 
readily available from companies such as Data I/O Corporation 
(ABEL™), Logical Devices (CUPL™), and ISDATA 
(LOGiC™), 

The first step in designing a device as complex as the ATV5100 
is to partition your design into manageable blocks. These blocks 
are then allocated proportionally to each of the four quadrants of 
the ATV5100. Random gates can be described either with bool- 
ean equations (a behavioral description) or with a schematic ed- 
itor. Truth table logic and state machines are best described 
behaviorially and entered with a text editor. The design is then 
combined into one ASCII file, which is then submitted to the 
logic compiler. Compilation, logic reduction, simulation, 
JEDEC file creation and documentation are then completed by 
all of the popular compilers. 


Schematic 
Editor 
Design Data Base (ASCII File) 

Compile and Simulate 


Transfer JEDEC File 
and Program 


Hardware Test 


Correct 


Ship It! 


Assignment of signals to pins or buried nodes as well as select- 
ing the various options of the ATV5100 (such as register clocks 
and input latches) can be done manually in the design data base 
file, or an automatic fitter may be used. 


A logic fitter assigns pins and nodes to make best use of the 
features in the ATV5100, and frees the designer from being re- 
quired to learn all of the features of a complex device such as the 
ATV5100. For further information on fitters for the ATV5100, 
contact Atmel’s EPLD applications department. 


After correcting any syntax and logic errors discovered by the 
compiler, the JEDEC file is ready to download to an EPLD pro- 
grammer. These are available froma number of manufacturers. 
Programmed devices are usually first tested in the programmer 
with your supplied test vectors. The next step is check out your 
"custom chip" in the target system. When this hardware debug 
step is complete, your system is ready to go— all in a matter of 
hours. 


ABEL™,CUPL™ and LOGiC™ may be trademarks of others. 


Operating Modes 


i a_i 


"EPLD" 


ON OE HighZ Dour 


Notes: 1. X can be Vy or Vou. 2. VH = 11.0 Vto 14.0 V 
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ATV5100 PLCC/PGA Pin Assignments 


PLCC PGA 
Pin# Pin# 


PLCC PGA 


Pin# Pin# Name Name 


nm 
> 
o>) 


/O 
VCC 


O}/OIN|D)/a!|& | 
> w 0) ee) 
rh co b oO 


— 
jo) 
8) 
PO 
= 


sk 
_" 


—s 
no 
O 
= 


— | os 
& | 
0 1;O 
Nh | — 


PLCC PGA 


PLCC PGA 


Pin# Pin# Name Pin# Pin# Name 


49 Hi11 /O 66 A8 IN 
50 G10 GND 67 +~=B7 GND 


/O 68 IN 


oo 
BA 
7" 
on 
z 


Pin Capacitance (f= 1 MHz, T = 25°C) 


Typ Max Units Conditions 
6 g pF VIN=0V 
8 12 pF Vout = 0V 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV5100 fuse patterns. Once programmed, all outputs appear 
programmed during verify. The security fuse should be pro- 


Erasure Characteristics 


The entire memory array of an ATV5100 is erased after expo- 
sure to ultraviolet light at a wavelength of 2537 A. Complete 
erasure is assured after a minimum of 20 minutes exposure 
using 12,000 uW/cm? intensity lamps spaced one inch away 
from the chip. Minimum erase time for lamps at other intensity 


ATMEL 


grammed last (after verifying all other programmed bits), as its 
effect is immediate. 


The security fuse also inhibits Preload and Observability. 


ratings can be calculated from the minimum integrated erasure 
dose of 15 W-sec/cm*. To prevent unintentional erasure, an 
opaque label is recommended to cover the clear window on any 
UV erasable EPLD which will be subjected to continuous fluo- 
rescent indoor lighting or sunlight. 
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Ordering Information 


tp t f 
(MHz) Ordering Code Operation Range 


68J 


ATV5100-25JC Commercial 
ATV5100-25KC 68KW (0°C to 70°C) 
ATV5100-25UC 68UW 


ATV5100-30JC 68J Commercial 
ATV5100-30KC 68KW (0°C to 70°C) 
ATV5100-30UC 68UW 
ATV5100-30KI 68KW Industrial 
ATV5100-30UI 68UW (-40°C to 85°C) 
ATV5100-30KM 68KW Military 
ATV5100-30UM 68UW (-55°C to 125°C) 
ATV5100-30KM/883 68KW Military/883C 
ATV5100-30UM/883 68UW Class B, Fully Compliant 
(-55°C to 125°C) 


ATV5100-35JC 68J Commercial 
ATV5100-35KC 68KW (0°C to 70°C) 
ATV5100-35UC 68UW 

ATV5100-35KI 68KW Industrial 
ATV5100-35UI 68UW (-40°C to 85°C) 
ATV5100-35KM 68KW Military 
ATV5100-35UM 68UW (-55°C to 125°C) 
ATV5100-35KM/883 Military/883C 


68KW 
ATV5100-35UM/883 Class B, Fully Compliant 


(-55°C to 125°C) 


[eas | 68 Lead, Plasto J Loaded Ghip Garter OTP (PLGO) SSCS 
[eaKw | 68 Lead, Windowed, Ceramic JLeaded Chip Carier WLOG)—=~C~“*‘“‘*S*~“~*~*~*~S 
[eau | 68 Pin, Windowed, Ceramic Pin GidAray PGA) SSCSC~“~*~*~S~S 
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ATV5100/L 


Ordering Information 


Commercial 
ATV5100L-30KC (0°C to 70°C) 
ATV5100L-30UC 


ATV5100L-35JC Commercial 
ATV5100L-35KC (0°C to 70°C) 


ATV5100L-35UC 

ATV5100L-35K! 68KW Industrial 
ATV5100L-35Ul 68UW (-40°C to 85°C) 
ATV5100L-35KM 68KW Military 
ATV5100L-35UM 68UW (-55°C to 125°C) 


ATV5100L-35KM/883 Military/883C 
ATV5100L-35UM/883 Class B, Fully Compliant 


(-55°C to 125°C) 


Package Type 
| 68) _—'|_: 68 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
| 68KW _|_ 68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 
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Using the ATV5100 


The ATV5100 Logic Cells retain the 
ATV2500’s basic features with two regis- 
ters, three sum terms and Q1, Q2, and pin 
feedback options. In addition, these follow- 
ing features make the ATV5100 even more 
versatile: 


1. Input latches are added to every I/O pin. 
Each latch can be enabled or disabled 
independently. 


2. The ATV5100 can be configured to feed- 
back a combinatorial sum term and 
send Q1 to the output. Feeding the com- 
binatorial sum term internally makes im- 
plementing logic equations with large 
number of product terms possible with- 
out sacrificing an I/O pin. 


. Dedicated clock pins and individual 


clock product terms create multiple 
clock options for each flip-flop. 


. The addition of the Buried Logic Cells 


handles more logic than ever. 


. Each flip-flop can be configured as D- or 


T-type flip-flop. 


. Asynchronous Preset, Asynchronous 


Reset and programmable output polar- 
ity allow registered outputs using fewer 
product terms. 


. Same architecture as the ATV5000 with 


more emphasis on universal routing. 


Logic Cell with Buried Sum Term and 


Register to I/O Cell 


DDUDVDDCC 


a eee 

Doan | 
CLOCK 

iw) CK1 | opTION 

/R) ARI 

U 


AP2 

Yh D2/T2 Q2 

Comm Po 
CLOCK 

hw) CK2 — option 


AR2 


High Density 
UV Erasable 
Programmable 
Logic Device 


ATV5100 
Application 
Brief 
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Logic Cell, Two Buried Registers, 
Combinatorial to I/O Cell 


Dam) D1/T1 Qi 

o_ an 
CLOCK 

CK1 | opTION a 

nae ARI 


CLOCK 
CK2 “1 OPTION 


The following are sections of ABEL™ and CUPL™ source files to 
illustrate how each of these features is described in the ABEL™ 
and CUPL™ high level description languages. 


Pin and Node Assignments 

All the buried registers used in the design need to be assigned 
node numbers. The following tables show the complete set of 
node numbers by quadrant. 
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Logic Cell with Combinable 
Sum Terms, Register to I/O Cell 


AR2 


CLOCK 
/u) CK2 — OPTION 


ABEL™ and Atmel-ABEL™ 
LENA, CLOCK pin 1,2; 

ACK pin 4 

istype ’reg d,buffer’; 
OUTA pin 5; 

DRAM node 121 

istype ‘reg t’; 

EXPAND node 70; 

ACKL node 813; 


CUPL™ 
pin 1,2 = LENA, CLOCK; 
pin 4 = ACK; 


pin 5 = OUTA; 
pinnode 105 = DRAM; 


pinnode 208 = EXPAND; 


AYY¥5100 Brict essence ecco emanat 


een ATV 5100 Briet 


ATV5100 ABEL™ and Atmel-ABEL™ Node Numbers 


Quadrant | 
Sum Term 


& 


6 Buried Logic Cells 

B23 - B18 node 173 - 178 

LCK1 pin1; Quadrant Latch clock 

RCK1 pin2; Quadrant Synchronous Register Clock 


Quadrant Ill 
Sum Term 


A 


6 Buried Logic Cells 

B11 - B6 node 185 - 190 

LCK3 pin35; Quadrant Latch Clock 

RCK3 pin36; Quadrant Synchronous Register Clock 


AIMEL 


Quadrant Il 
Sum Term 


6 Buried Logic Cells 

B17 - B12 node 179 - 184 

LCK2 pin34; Quadrant Latch Clock 

RCK2  pin32; Quadrant Synchronous Register Clock 


Quadrant IV 
Sum Term 


A 


6 Buried Logic Cells 

B5 - BO node 191 - 196 

LCK4 pin68; Quadrant Latch Clock 

RCK4 pin66; Quadrant Synchronous Register Clock 
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ATV5100 CUPL™ Node Numbers 


Quadrant | 
Sum Term 


6 Buried Logic Cells 

B23 - B18 node 74 - 69 

LCK1 pin1; Quadrant Latch Clock 

RCK1  pin2; Quadrant Synchronous Register Clock 


Quadrant Ill 
Sum Term 


6 Buried Logic Cells 

B11 - B6 node 86 - 81 

LCK3 pin35; Quadrant Latch Clock 

RCK3 pin 36; Quadrant Synchronous Register Clock 
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Quadrant Il 
Sum Term 


6 Buried Logic Cells 

B17 - B12 node 75 - 80 

LCK2 pin34; Quadrant Latch Clock 

RCK2_  pin32; Quadrant Synchronous Register Clock 


Quadrant IV 
Sum Term 


6 Buried Logic Cells 

B5 - BO node 87 - 92 

LCK4 pin68; Quadrant Latch Clock 

RCK4 pin66; Quadrant Synchronous Register Clock 


A) V51OO Gro) sheen eR 
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Input Latch 

Each of the 52 I/Os has an input latch that can be enabled and 
disabled individually. When the latch is enabled and latch clock 
is high, the pin value is latched. When the quadrant latch clock 
is low, the latch becomes transparent. When the latch is dis- 
abled, an ATV5100 I/O acts like those of the ATV750 and 
ATV2500 I/Os. The pin input is fed directly to the array (except 
when sum term B is being used as a buried feedback). 


The .D and the .LE (latch enable) equations are required to en- 
able the input latch in ABEL AHDL. The only allowed input to the 
latch is the IO pin with which it is associated. The only allowed 
.LE input is the quadrant latch clock (pin 1,34, 35, or 68). Notice 
that CUPL™ does not have node numbers for the input latches. 
Any pin name used in a feedback with the dot extension IOL 
tells CUPL™ that particular pin should be a latched pin. 


ABEL™ and Atmel-ABEL™ CUPL™ 
ACKL.D = ACK; 


ACKL.LE = LENA; 
OUTA := ACKL; OUTA.D = ACK.IOL; 
Internal Combinatorial Feedback 

for an I/O Cell 

To implement the combinatorial feedback of the B sum term, 
first define the node name with the corresponding node number. 
This node will take a five product term equation. Regular syn- 
tax describing a combinatorial equation will describe the B sum 
term. 


Note: This B sum term node number is defined only when this 
feature is needed. When this feature is used, the output is from 
Qi through an inverter/buffer. The I/O pin becomes a output- 
only pin. It cannot be used as an input or as an input/output. 


ABEL™ and Atmel-ABEL™ CUPL™ 


OUTA pin 5; pin 5 = OUTA; 
EXPAND node 70; pinnode 208 = EXPAND; 
OUTA.D = OUTA.D = 


INA&INB# !INC&! IND; INA&INB#! INC&! IND; 
EXPAND = INA & !INC # IND; EXPAND = INA & !INC # IND; 
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(OUTA and EXPAND are in the same I/O Logic Cell. OUTA is the 
Q1 output to pin after the inverter/buffer and EXPAND is the com- 
binatorial sum term feedback. The feedbacks from this Logic 
Cell are Q1 before the inverter/buffer, Q2, and the B sum term) 


Clocking Options 

There are different methods of clocking the registers in the 
ATV5100. The clock options can best described as either the 
AND function of (Quadrant Clock & Clock Product Term) or 
purely the function of the Clock Product Term (like ATV750 
and ATV2500). 


Synchronous Operation 

The quadrant clock is the only clocking element in this mode of 
operation. The clock product term must be defined to be equal 
to 1. In ABEL AHDL, .CK defines the clock product term and .CE 


RCKn 
TH 88 
LOGIC 
CLOCK | CELL 
PRODUCT | SELECT | 
TERM | ts 


is the corresponding quadrant clock. 


In CUPL, .CE has a different implication. The keyword .CE 
means the user wants the AND function (Quadrant Clock & 
Clock Product Term) for the clock. 


ABEL™ and Atmel-ABEL™ 
OUTA.CK = 1; 


OUTA.CE = CLOCK; "CLOCK is pin 2 


CUPL™ 


OUTA.CE = ’B'1; 


Gated Synchronous Operation 

This clock option still uses the fast quadrant register clock pin, 
but now it has a gating element. The clock product term enables 
or disables the clock going to the register. 


ABEL™ and Atmel-ABEL™ CUPL™ 
OUTA.CK = INX & INY & !INZ; 
OUTA.CE = CLOCK: "CLOCK is pin 2 OUTA.CE = 


INX&INY&!INZ; 


Asynchronous Operation 

The quadrant clock has no effect on the register in this mode of 
clock option. The register is clocked by the clock product term 
like the ATV750 and ATV2500 registers. 


ABEL™ and Atmel-ABEL™ CUPL™ 
OUTA.CK = OUTA.CK = 
INA & !INB & INC; INA & !INB & INC; 
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Buried Logic Cells 

There are six Buried Logic Cells in each quadrant. Every Bur- 
ied Logic Cell can be configured as a buried register or as a 
combinatorial feedback to the quadrant array. In the buried reg- 
ister mode, it’s used the same way as Q1 and Q2. In the combi- 
natorial feedback mode, it’s used the same way as the B sum 
term feedback. 


ABEL™ and Atmel-ABEL™ CUPL™ 

ADDR, XDATA node 173,174; pinnode 74,73 = ADDR, XDATA; 
ADDR = Al16&A15&!A14#RST; ADDR = A16&SA15&!A14#RST; 
XDATA.T = !Al16 & RST; XDATA.T = !Al16 & RST; 
XDATA.CK INA & INC; XDATA.CK = INA & INC; 
XDATA.AR INB; XDATA.AR = INB; 


D-Type and T-Type Registers 

All the registers in the ATV5100 can be configured as D- or 
T-type. The ISTYPE statement after the PIN or NODE definition in 
ABEL AHDL tells ABEL which type of register is needed. 


ABEL™ and Atmel-ABEL™ CUPL™ 

ABC node 123 istype ’reg t’; pinnode 103 = ABC; 

XYZ pin 7 istype ‘reg d’; pin 7 = XYZ; 

ABC.T INA & INB # INC; ABC .T INA & INB # INC; 
XYZ.D 'INA # INC; XYZ.D = !INA # INC; 


In both languages, the .T extension is reserved for T flip-flop 
and .D extension for D flip-flop. 


ABEL™ and CUPL™ may be trademarks of others. 
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Asynchronous Preset and Reset 

One of the advantanges of having a programmable output polar- 
ity I/O is that the same combinatorial output often takes fewer 
product terms to implement using negative logic rather than 
positive logic or vice versa. 


The same can be done for a registered output provided the 
power-up state is not crucial (all flip-flops are reset upon power 
up). With an Asynchronous Preset and an Asynchronous Reset, 
simply swap the two product terms and invert your equation and 
polarity will let you take advantage of expressing the same logic 
in a different polarity. The following example shows a 4-to-1 
reduction in product term requirement. 


ABEL™ and Atmel-ABEL™ CUPL™ 


OUTC pin 8 pin 8 = OUTC; 
istype ‘invert, reg d’; 

OUTD pin 9 pin 9 = !OUTD; 
istype ‘’buffer,reg d’; 

OUTC.D = OUTC.D = 


INA# !INB#INC# ! IND; 
OUTC.CK = CLK; 


INA#! INB#INC#! IND; 
OUTC.CK = CLK; 


OUTC.AR = !INA & RST; OUTC.AR = !INA & RST; 
OUTC.AP = INB & PRESET; OUTC.AP = INB & PRESET; 
OUTD.D = OUTD.D = 


!'INA&INB&! INC&IND; 
OUTD.CK = CLK; 


OUTD.AR = INB & PRESET; 
OUTD.AP = !INA & RST; 


'INA&INB&! INCEIND; 
OUTD.CK = CLK; 


OUTD.AR = INB & PRESET; 
OUTD.AP = !INA & RST; 


In the ATV5100, all Asynchronous Reset and Preset terms are 
regional. Hence, their inputs must be from the eight dedicated 
input pins or from the other regional bus signals (logic cell Q1 
and Q2 feedback and buried cell feedback). 
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Example ABEL™ Description File 


module V5100; 
title ‘Demo ATV5100 features with ATMEL-ABEL (IBM386 or compatible) 
ATMEL Corporation EPLD Joe Yu May 20, 1992’ 
V5K device 'P5100'; 
"The I0s, registers, latches, inputs, and combinatorial sum terms feedbacks are named "with the 
following prefixes for clarity: 


“ Prefix 

" I - Quadrant Clocks, Latch Enables. 

“ 10 - 10 pins 

m6 - Input Latches 

" — BLC - Buried Logic Cells 

" SLE - Sum Term Feedbacks 

"Valid ABEL AHDL identifiers can be used in place of them. 
declarations 

Il pin 1; " Quadrant 1 Latch Enable/Input 

I2 pin 2; " Quadrant 1 Synchronous Register Clock/Input 
I32 pin 32; " Quadrant 2 Synchronous Register Clock/Input 
I34 pin 34; "™ Quadrant 2 Latch Enable/Input 

135 pin 35; "Quadrant 3 Latch Enable/Input 

I36 pin 36; " Quadrant 3 Synchronous Register Clock/Input 
I66 pin 66; " Quadrant 4 Synchronous Register Clock/Input 
I68 pin 68; " Quadrant 4 Latch Enable/Input 


° avee Ouadrant [ **s% 
" I/O LOGIC CELL 


I04, 105, 106, I07, 108, I09 pin 4,5,6,7,8,9 istype ‘buffer,reg d’; 
STF4,STF5, STF6,STF7, STF8, STF9 node 69,70, 71, /2, 73, 74; 

I04Q1, 105Q1, I06Q1, I107Q1, I08Q1, I09Q1 node 761,762,763, 764,765,766 ; 

10402, 105902, 10602, 10702, I08Q2, 10902 node 12), 122,123,;124,125,126 ; 

1610, 1011, 1012, 1013, 1014, 1015, 1017 pin 10,11,12,13,14,15,17 istype ‘buffer,reg d’; 
STF1Q, STP11, STF12, STF13, STF14, STF15, STF1 node 75, 76,77, 78, 79,80, 81; 


TO1001, 101101, 1961201, 101301, 101491, 1015901, TO17Q1 node 767,768, /69, 770, 771,772,773 ¢ 
TO10O2, 101102, 101202, TO13Q02, 101402, 101502, IO17O2 node 127,128,129, 130,131,132,133- ; 
" INPUT LATCHES 

IL4, IL5, IL6, IL7, IL8, IL9 node 813,814,815, 816, 817, 818; 
TL10,iL11, £ui2, i413, 1b14, [LLS, LLi7 node 819,820,821, 822,823, 824, 825; 
" BURIED LOGIC CELL 

BLC18, BLC19, BLC20, BLC21, BLC22, BLC23 node -178, 177,176,175, 274,173 : 
declarations " *k*k*k Quadrant II **** 

" I/O LOGIC CELL 


IO18, 1019, 1021, 1022, 1023, 1024 pin 18,19,21,22,23,24 istype ‘buffer,reg d’; 
STF18, STF19, STF21, STF22, STF23, STF24 node 82, 83,84,85, 86,87; 

I01801, 1019901, 1021901, 102201, 102391, I1024Q1 node 774, 775, 776, 777, 178, 71793 

101802, 1019902, 102102, 102202, 1023Q2, 1024Q2 node 134,135,136, 137, 138, 139; 

1025, 1026, 1027, 1028, 1029, 1036, IG31 bin 25, 26,2 7,;28,29,; 30,31 ISTYPE * BUFFER’ ; 
STF25, STF2Z6, STF27, STF28, STF29, STF30, STF31 node 88,89, 90,91, 92, 93,94; 


102501, 102601, 102701, [028Q1, 102901, TO3001, 103101 node 780,781,782, 763,784, 785, 786 ; 
102502, 102602, 102702, 102802, 102902, 103002, 103102 node 140,141,142,143,144,145,146 ; 
" INPUT LATCHES 

ILLS, 119, lb21, [b22, la2s, 124 node 826,827,828, 829, 830, 831; 
TL25, 1L26, IL27, 1L28, TL29, TL30, 1L31 node 832,833,834, 835, 836, 837, 838; 
" BURIED LOGIC CELL 

BLC12, BLC13, BLC14, BLC15, BLC16, BLC17 node 184,183,182,181,180,179; 
declarations " zkkk*k Quadrant III **** 


ae ie 7-151 
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hae 
" I/O LOGIC CELL 
1h ee 
1038, 1039, 1040, 1041, 1042, 1043 pin 38,39,40, 41, 42,43; 
STF38, STF39, STF40, STF41, STF42, STF43 node 95,96, 97, 98,99, 100; 
1038Q1, 1039Q1, 104001, 104191, 104291, 104301 node 787,788, 789,790, 791,792; 
1038Q2, 103992, 104002, 104102, 104202, 104302 node 147,148,149,150,151,152 istype ‘reg t'; 
1044, 1045, 1046, 1047, 1048, 1049, 1051 pin 44,45,46,47, 48, 49,51; 
STF44, STF45, STF46, STF47, STF48, STF49, STF51 node 101,102,103,104,105, 106,107; 


104401, 104501, 104601, 104701, 104801, 1049901, 105101 node 793,794,795, 796, 797, 798, 799; 

104402, 104502, 104602, 104702, 104802, 104902, 105102 node 153,154,155,156,157, 158,159; 

" INPUT LATCHES 

IL38, IL39, IL40, IL41, IL42, IL43 node 839,840,841, 842, 843, 844; 

IL44, 1L45, IL46, IL47, IL48, IL49, IL51 node 845,846,847, 848,849, 850, 851; 

" BURIED LOGIC CELL 

BLC6, BLC7, BLC8, BLC9, BLC10, BLC11 node 190,189,188,187,186,185 ISTYPE ‘REG D’; 
declarations " *kk* Quadrant IV **** 

" I/O LOGIC CELL 


IO52, 1053, 1055, LOS6, LO57, 1058 pin 52,53,55,36,;57,59 istype "“butfier’; 
STYS2, STFS3, STESS, STF56, STF57, STFSS node 108,109,110,111,112,113; 

IO5201, 105301, 105501, 105601, 105791, 105891 node 800,801,802, 803, 804, 805; 

105202, 105302, 105502, 105692, I1057Q2, I058Q2 node 160,161,162,163,164,165; 

1059, 1060, 1061, 1062, 1063, 1064, 1065 pin 59,60,61, 62,63,64,65.istype ‘buffer’ ; 
STF59, STF60, STF61, STF62, STF63, STF64, STFE5 node 114,115,116, 117,118, 119, 120; 


I059Q1, 106001, 106101, 106201, 106301, 106401, I065Q1 node 806,807,808, 809,810, 811, 812; 

1059Q2, 106002, 106102, 106202, 106302, 106402, 106502 node 166,167,168,169,170,171,172; 

" INPUT LATCHES 

[L52, 1L53, 1L55; 1456, 1L37, 1L58 node 852,853,854, 855, 856, 857; 

IL59, IL60, IL61, IL62, IL63, 1L64, IL65 node 858,859,860, 861,862, 863, 864; 

" BURIED LOGIC CELL 

BLCO, BLC1, BLC2, BLC3, BLC4, BLC5 node 196,195,194,193,192, 191; 
H,L,C,D,K,0,%,2 = 170, «Cag sDay cKey Ung Keg vr Sef 

. MACRO (INPUT LATCH) 

INPUT LATCH MACRO (IL, 10,QUAD LE) 


{?IL.D = ?I10; 
?IL.LE = ?QUAD LE; } 
equations 


" INPUT LATCH 

"Each of the 52 I/Os has an input latch. When the quadrant latch enable is high, the 
"pin value is latched. 

"When the quadrant latch clock is low, the latch becomes transparent. 


IL4.D = [04; "The .D and the .LE (latch enable) extentions are required to describe a 

IL4.LE Il; "latch in. ABEL AHDL. The only allowed input to the latch is the IO pin 
"it associates with.The only allowed .LE input is the quadrant latch 
"enable. They are Pin 1, 34, 35, and 68. 

INPUT LATCH macro is another way to describe the latch. 


INPUT LATCH (IL5,105,11); "“Laten. Pin 5 

INPUT LATCH (IL6,106,11); "Latch Pin 6 

I04.d = !104.fb; "™ When .oe is enabled by I08, 104 outputs a 1 bit counter. 
I04.0e = 134; "When .oe is disabled by !134, 104 latches a data bit from the bus. 
I04.ck = 1; 

I04.ce = 12; 

I07 = IL4; 

tést vectors {| “Test the latches... 

[I1,12,134, 104]-[104,107]) 

f O, Of; LyX | -> | 0, O J; “Transparent 

[ 0, C, 1,% Jj -—> | Lz 1 Jj; “Transparent 

[ By O, 0,0 ] -> [ Ze 0 J; “Disable .oe and latch 0 
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f° fy Ge be we-"3 -> [ 0, 0 J; “Latched 0 

t oe te 2a ee | -—> | i O J; “Latched 0 

| Dy Gy hem J => [ 0, Oj]; “Transparent 

{ 0; €, Lyk ] => [ Ls 1 ]; “Transparent 

[ 0, CC, 1% ] —> | 0, Oj; “Transparent 

[| U, 0, 3, 2 ] -—> | fis 1]; “Disable .oe and latch 1 
[ dy G; 2,28 ] => f Oy 1]; “Latched 1 

{ 1, CG 1,X% ] => | ls 1 J; “Latched 1 

fil, & 1k J] => [ Go; 1 ]y “Latched i 


equations 

" CLOCKING OPTIONS 

"There are different methods of clocking the registers in the ATV5001. The clock is 
"best described as either the AND function of (Quadrant Clock & Clock Product term) 
"or the product term by it self. In the following examples the register can be a name 
"from a pin, Ql, Q2, or Buried Logic Cell. The register can be either .t or.d 


“" flip-flop. 

I022.d = !1022.fb; 

[022 .CK = [018 & !1019; “Note there is no .ce equation defined.This is an asynchronous 
I022.ar = 166; "clocking method where the quadrant clock has no effect. 


test_vectors ( 


[I018, 1019, 166 }) <-> [ I022 }) 

[ 0, 0,1 ] — | 0]; 

[ 0, 0,0 } -> [ 0 |; 

[ C, 0,0 | => | 1 J; 

[ ¢, 0,0 } => | 0 |; 

equations 

1023 ..d = !1023.fb; 

I023 ..ck = [018 & !I019; "The clock product term (.ck) is used to gate the quadrant 
"“elock pin. 

I023.ce = 132; "Using quadrant clock pin in a synchronous mode allows higher 
"clock rate. 

I023.ar = I[66; "Pin 32 is the Quadrant 2 clock pin. 

test vectors ( 

[i32,1018,1019,166 |) => { I1023]) 

[ 0, 1,0, 1 ] =? [ O]; 

a 0,0, O ] -> [ OJ; “Product term blocks quadrant clock 

[ Cy 140, 0 ] -> [ lJ]; “Product term enables quadrant clock 

[ C, 1,0, O ] me [ O]; 

equations 

I024.d = !1024.fb; 

1024 .ck = 1; "Note that the .ck is defined to 1. The quadrant clock is the only 


"clocking element. 
I024.ce = 132; "The .ce is Pin 32 because it’s the proper quadrant clock to use for 


I024.ar = 166; “synchronous operation. 
test_vectors ( 

[ I32, T166 }) -> [ 1024 }) 

[ 0, 1 rf = { «@ }; 

[ C, 0 } -> [ 1 }; 

[ C, 0 } ~> | @ }; 

[ C, 0 joo { 4 ]; 


ss D-TYPE and T-TYPE REGISTERS 

"All the registers in the ATV5001 can be configured as D or T type. The ISTYPE 
"statement after the PIN or NODE definition tells ABEL which type of register is 
“needed. 


"ABC node 122 istype ‘reg t’; 
" XYZ pin 5 istype ‘reg da’; 


"Use the .t extension for ABC and .d extension for XYZ when you write the equations. 


equations 
" 3 Bit Synchronous Counter using T flip-flops 
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I03802.t = 1; TO38O2.ek = 1; I038Q2.ce = 136; I038Q2.ar = 168; 
I039Q2.t = I1038Q2; I039Q2.ck = 1; I039Q2.ce = 136; IO39Q2.ar = 168; 
I040Q02.t = I03802 & I039Q2; I040Q2.ck = 1; I040Q2.ce = 136;104002.ar 
test vectors ( 

{ 136, I68 ] -> [ I1040Q2, 1039902, I038Q2] ) 

[ 0, 1 ] —> | 0, 0, 0 )3 

[ C, 0 ] oe | 0, 0, i )3 

[ C, 0 ] —> |{ 0, l, 0 ); 

[ Cc, 0 } => | 0, 1, 1 J]; 

[ C, 0 ] ia [ a 0, 0 ); 

[ C, 0 ] oe | Lg 0, 1 3 

[ C, 0 ] =—» | 1, 1, 0 7 

[ C, 0 ] a 1, 1, 1 ); 

[ ¢, 0 | =e of 0, 0, O J; 

equations 

" 3 Bit Synchronous Counter using D flip-flops 

BLC6.d = !BLC6; BLC6.ck = 1; BLC6.ce = 136; BLC6.ar = 168; 
BLC7.d = BLC6 $ BLC7; BLC7.ck = 1; BLC7.ce = 136; BLC7.ar = 168; 
BLC8.d = BLC8 $ (BLC6 & BLC7); BLC8.ck = 1; BLC8.ce = 136; BLC8.ar = 168; 


test vectors { 


[ 136, I68 ] -> [BLC8,BLC7, BLC6] ) 
[ 0, 1 } -> [— 0, 0, O Js 
[ CC, 0 }) -> { O, OO, 1 Js 
L. 0 ] -=> |[ 0; i ww tl 
[ C, 0 ] = [ 0, 1; 1 ]; 
[ C, 0 } we { dd, Oo, O Js 
[ C, 0 ] = i 1, 0, Z ]; 
[ Cc, 0 ] =~ [ 1, 1, O J; 
[ C, 0 1 —- | dy 1, 1 J 
[ C, 0 } -> [ 0, Oo, O JF 


" UNIVERSAL AND REGIONAL PRODUCT TERMS 

"A Regional product term has inputs from all the feedbacks of its quadrant Buried 
"Logic Cells, Ql’s, Q2's,and the dedicated Inputs. In addition, a Universal product 
"term has the Pin/B Sum Term Feedbacks. 

° OUTPUTS and FEEDBACKS 

"Combinatorial: 

"Use IO pin name to define the equation. The sum terms may combine to allow 5, 9, or 
13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 5 or less product terms, it leaves Ql and Q2 each with 4 product 
"terms to use. 


mn I052 = up to 5 PRODUCT TERMS (3UNIVERSAL) 
” I052.0e = 1 PRODUCT TERM (REGIONAL) 

I052Q1.(d or t) = up to 4 PRODUCT TERMS (2 UNIVERSAL) 
- I052Q1.ck _ 1 PRODUCT TERM (1 UNIVERSAL) 

- I052Q1.ce = QUADRANT CLOCK 

as I052Ql.ar = 1 PRODUCT TERM (REGIONAL) 

a I052Q1.ap = 1 PRODUCT TERM (REGIONAL) 

” I05202.(d or t) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 
i 105202 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 

" I052Q2.ce = QUADRANT CLOCK 

" T052Q2.ar = 1 PRODUCT TERM (REGIONAL) 

" I052Q2.ap = 1 PRODUCT TERM (REGIONAL) 

" ALLOWED FEEDBACKS: SOURCE: 

"6052 -- Pin feedback, after the buffer/inverter. 
"105201, 1052Q1.FB ae Ql register feedback. 

" 105202, TO05202.FB —— Q2 register feedback. 
"Combinatorial: 


If the reduced equation requires 6 to 9 product terms, it leaves Q2 with 4 product 
"terms to use. Q1 will feedback the A Sum Term portion of the output logic. 
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- I052 = up to 9 PRODUCT TERMS (5 UNIVERSAL) 
nm I052.0e = 1 PRODUCT TERM (REGIONAL) 

" 105202. (ad or t) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 
a 1TO5202.ck = 1 PRODUCT TERM (1 UNIVERSAL) 

iad IO052Q02.ce = QUADRANT CLOCK 

" 105202 .ar = 1 PRODUCT TERM (REGIONAL) 

T052Q2.ap = 1 PRODUCT TERM (REGIONAL) 

= ALLOWED FEEDBACKS: SOURCE: 

* TO5Z -- Pin feedback, after the buffer/inverter. 
w I0S202, 105202 .FB = Q2 register feedback. 

" Combinatorial: 


"If the reduced equation requires more than 9 product terms, it leaves no product 
"terms for Q1 and Q2. Q1 feeds back A Sum Term and Q2 feeds back C Sum Term. 


. I052 = up to 13 PRODUCT TERMS (8 UNIVERSAL) 

" I052.0e = 1 PRODUCT TERM (REGIONAL) 

- ALLOWED FEEDBACKS: SOURCE: 

" TOSs2 -- Pin feedback, after the buffer/inverter. 
" Registered: 


"Use IO pin name to define the equation. The sum terms may combine to allow 4, 9, or 
"13 product terms depending on the need of the reduced equation. If the reduced 
"equation requires 4 or less product terms, you may define a 5 product term equation 
“for the STF (Sum Term Feedback) and define a 4 product term equation for Q2. 


m TOS2.(da or t) = up to 4 PRODUCT TERMS (2 UNIVERSAL) 

- I052.0e = 1 PRODUCT TERM (REGIONAL) 

" TOS2 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 

I052.ce = QUADRANT CLOCK 

™ I052.ar = 1 PRODUCT TERM (REGIONAL) 

- TOS2.ap = 1 PRODUCT TERM (REGIONAL) 

o STF52 = up to 5 PRODUCT TERMS (3 UNIVERSAL) 

m I052Q2.(d or t) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 

. TO5202 ck = 1 PRODUCT TERM (1 UNIVERSAL) 

: I052Q2.ce = QUADRANT CLOCK 

" I052Q2.ar = 1 PRODUCT TERM (REGIONAL) 

is IO052Q2.ap = 1 PRODUCT TERM (REGIONAL) 

"ALLOWED FEEDBACKS: SOURCE: 

" T1052 .FB, 1032 .Q — Register feedback prior to buffer/inverter. 
“ 105202 a Q2 register feedback. 

" STFS2 ye Sum Term Feedback for logic expansion. 
" Registered: 


"If the reduced equation requires 9 to 5 product terms, you may write a 4 product 
"term equation for Q2. 
s los2.{d or €) 


up to 9 PRODUCT TERMS (5 UNIVERSAL) 


_ I052.0e a 1 PRODUCT TERM (REGIONAL) 

™ LO52.¢k = 1 PRODUCT TERM (1 UNIVERSAL) 

~ I052.ce = QUADRANT CLOCK 

a IO52.ar = 1 PRODUCT TERM (REGIONAL) 

* I052.ap = 1 PRODUCT TERM (REGIONAL) 

= I05202.(d or t) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 

1O5202 «ek = 1 PRODUCT TERM (1 UNIVERSAL) 

IO052Q2.ce = QUADRANT CLOCK 

. IO052Q2.ar = 1 PRODUCT TERM (REGIONAL) 

I052Q2.ap = 1 PRODUCT TERM (REGIONAL) 

"ALLOWED FEEDBACKS: SOURCE: 

" FOs2 a Pin feedback, after the buffer/inverter. 
w 6p 1652 ,.FB = Register feedback prior to buffer/inverter. 
¥ 105292 ae Q2 register feedback. 

“" Registered: 


" If the reduced equation requires more than 9 product terms, it leaves zero product 
terms for Ql and Q2. 


. I052.(d or t) = up to 13 PRODUCT TERMS (8 UNIVERSAL) 
™ [O52 ,0¢e = 1 PRODUCT TERM (REGIONAL) 
. TOS2 ek = 1 PRODUCT TERM (1 UNIVERSAL) 
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” I052.ce = QUADRANT CLOCK 

nf IO52.axr = 1 PRODUCT TERM (REGIONAL) 

" I052.ap = 1 PRODUCT TERM (REGIONAL) 

"ALLOWED FEEDBACKS: SOURCE: 

” LOSZ — Pin feedback, after the buffer/inverter. 

w 61092.F8 = Register feedback prior to buffer/inverter. 

" AP, AR, and CK 

"Each of the 128 registers has its own .AP (Asynchronous Preset), .AR (Asynchronous 


“ Reset) and .CK. AlL CKs are Universal product terms. The ARs and APs are Regional 
product terms. 
"NOTE: AP and AR should never be active at the same time. 


equations 

I010.d = !1010.fb; 
I010.ck = I08; 
I010.ar = I[66; 
I010.ap = 135; 


test. vectors { 
108 ,:: 166, L135 


0, iO ; “AR 


; "AP 


[ 
[ 
[ 
[ 
[ 
[ 
[ > “AR 


} [ 
] [ 
} [ 
5 =e | 
] [ 
] [ 
] [ 


a a a a | 
- 


. BURIED LOGIC CELLS 
Buried Logic Cell can be configured as a register feedback like Q2. It can also be 
configured as combinatorial feedback to accommodate for logic expansion. 


equations 

BLCL?T.t = 1; “Registered 
BLCi7.ck = JO9; 

BLCl7.ar = 166; 

BLC14 = I1; "Combinatiorial 
1025 = BLC17; 

1026 = BLC14; 


test vectors ( 


[I09, 166, I1 ] -> [ BLC17,BLC14, 1025, 1026]) 
[ 0, 1,0 ] =e | 0, 0, 0, 0 ]; 

[ om 0,9 ] => | 1, 9, ly © I 

[ 0, 0, i ] —> | 1, 1, 1, 1 Ve 

[ Ce 0,1 ] —> | OO; Ag.Dy 1 Ads 

[ C, 0, 0 ] ae | Ls 0, 1, OO} 
END; 
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Example CUPL™ Description File 


Name V5100CU; 

Partno NA; 

Date 5/20/92; 

Revision 01; 

Designer Joe Yu; 

Company ATMEL Corporation; 
Assembly NA; 

Location Ul; 

Device V5100; 

Format nF 

/* Compiled with CUPL 386 version */ 
/* The IOs, registers, inputs, and combinatorial sum terms feedbacks are named with 


/* the following prefixes for clarity: 


* Prefix 


STF 


- Quadrant Clocks, Latch Enables. 
- IO pins 
- Buried Logic Cells 


= Sum Term Feedbacks 


* Valid CUPL HDL identifiers can be used in place of them. */ 


pin 1 = Il; /* Quadrant 1 Latch Enable/Input at 
pin 2 = 12; /* Quadrant 1 Synchronous Register Clock/Input*/ 
pin 22 = I32; /* Quadrant 2 Synchronous Register Clock/Input*/ 
pin 34 = 134; /* Quadrant 2 Latch Enable/Input a 
pin 35 = 135; /* Quadrant 3 Latch Enable/Input * / 
pin 36 = 136; /* Quadrant 3 Synchronous Register Clock/Input*/ 
pin 66 = 166; /* Quadrant 4 Synchronous Register Clock/Input*/ 
pin 68 = 168; /* Quadrant 4 Latch Enable/Input x / 
/*xx** Quadrant I ****/ 
/* I/O LOGIC CELL ay 
/* ====5========== x/ 
pin [4..9] = [104..9]; 
pinnode {[209..204] = [STF4..9]; 
pinnode FLaT 4 Ie] = [104Q1,105Q1, 10601, 10701, 108Q1, 10901]; 
pinnode [105..100] = [10402, 10502, I06Q2, 10702, I08Q2, 10902); 
pin (10 «2 LSy 1 TF) = [I1010..15, 1017]; 
pinnode [203.5 0.197} = (STF1O..15,STFi7 I; 
pinnode PLS] . «2453 = ‘{1O1001, 101101, IOL201, 101301, [01401 101501, 101701); 
pinnode [oo . 93] = [1010902, 1011902, 101202, 1013902, 101402, 1015902, 101792]; 
/* BURIED LOGIC CELL a J 
fe seeeeecess22sese== x/ 
pinnode (69... 74] = [BLC18..23]; 
/*x*xk* Quadrant II ****/ 


/* I/O LOGIC CELL a7 


/* sa=s== 


pinnode 


/* BURIED 
/* SS SS => 


SSS SS x / 


(Lb, 19,24» 224] = [1018,1019,1021..24]; 


L210 weed = [STF18,STF19,STF21..24]; 
[158..163] = [1I101801, 101901, 102101, 102201, 102301, 102401]; 
[106.«112] = (101802, 101902, 102102, 102202, 102302, 102492]; 
[20c001)] = [T025..31]; 
[2104«222) = (STF25..331.] 7 
[164..170] = (IT02501, 102601, 102701, TO28Q1, 102901, 103001, 103101]; 
[Li2Z. 118) = [TOZ23502, 102602, OZ 7O2, IO28O02, 102902, JO3002, 103102) ; 
LOGIC CELL */ 
=======>==== x / 
[B0.075] = [BLC12..17]; 


seee*® Quadrant’ Til **e*y/ 


/* I/O LOGIC CELL */ 


/* seses= 


=S-S- SES SS x / 
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pin (38. .43] = [1038..43]; 

pinnode [Jad swe = [STF38..43]; 

pinnode he Pee ee = [1038Q1, 1039901, 104001, 1041901, 104201, 104391]; 
pinnode [131..126] = [1038Q2, 103902, 104002, 1041902, 104202, 104302]; 

pin [44..49, 51] = [1044..49,1I051]; 

pinnode (223 4.223] = [STF44..49,STF51]; 

pinnode (177..171] = [104401, 104591, 104601, 104701, 104801, 104901, 105101]; 
pinnode [123 wed] = [1044Q2, 1045902, 104602, 104792, 104892, 104992, 105102]; 
/* BURIED LOGIC CELL =/ 

/x s==========s====== x / 

pinnode [81..86] = [BLC6..11]; 


peer® Quadrant IY ****/ 
/* I/O LOGIC CELL ld 


/* ==s============ x / 

pin [J2; Joy 00x19) = [I052,1053,1055. .58]; 

pinnode (236..241) = (STF52,STF53,STF55..58]; 

pinnode [184..189] = [1052Q1, 1053Q1, 1055Q1, 1056Q1, 105701, 1058Q1]; 
pinnode [13242137] = [105202, 105302, I055Q2, 1056Q2, 105702, 1058902]; 
pin [59, .65) = [I1059..65]; 


pinnode [242..248 
pinnode [190 ..196 
pinnode [138..144 


= [STF59..65]; 
= [I059Q1, 106001, 106101, 106201, I063Q1, 106401, 106501] ; 
[I1059Q2, 106002, 106102, 1062Q2, 106302, 106402, 1065Q2] ; 


Pere 


/* BURIED LOGIC CEL */ 
pinnode [92,.87) = (BLCO..5]; 
ye INPUT LATCH 


Each of the 52 I/Os has an input latch. When the quadrant latch enable is high, the 
pin value is latched. When the quadrant latch clock is low, the latch becomes 


transparent. me 
I04.d = !104; 
I04.0e = 134; 
I04.ce = 'B'l; 
I07 = I04.I0L; /* When the latched input is needed in the design, i.e., */ 
/*I04.IOL, 104 is configured as having a latched input. */ 
fs CLOCKING OPTIONS 


There are different methods of clocking the registers in the ATV5100. The clock is 
best described as either the AND function of (Quadrant Clock & Clock Product term) or 
the product term by it self. In the following examples the register can be a name 
from a pin, Ql, Q2, or Buried Logic Cell. The register can be either .t or .d 


flip-flop. a 

1022 wd = 11022; 

LO0Z22.6k = I018 & !I019; /* Note there is no .ce equation defined. This is an id 

I022.ar = 166; /* asynchronous clocking method where the quadrant */ 
/* clock has no effect. a] 

I023.d = !TO23; 

1IO23 ..ce = 1018 & !I1019; /* The clock product term is used to gate the quadrant */ 

I023.ar = 166; /* clock pin.Using quadrant clock pin in a synchronous */ 
/* mode allows higher clock rate. Pin 32 is the at 
/* Quadrant 2 clock pin. */ 

I024.d = !1024; 

I024.ce = ‘Bil; /* Note that the .ce is defined to 1. The quadrant x / 

I024.ar = 166; /* clock is the only clocking element. The clock is */ 
/* Pin 32 because it’s the proper quadrant clock to x/ 
/* use for synchronous operation. ay 

fs D-TYPE and T-TYPE REGISTERS 


All the registers in the ATV5100 can be configured as D or T type. Use the .d 
extension for D type register and .t extension for T type register. */ 

/* 3 Bit Synchronous Counter using T flip-flops */ 

[O38Q2.t = ‘Bl; I038Q2.ce = 'B’l; I1038Q2.ar = 168; 

I03902.t = I1038Q2; I039Q2.ce = 'B’l; I1039Q2.ar = 168; 

I040Q2.t = I038Q2 & 103902; I040Q2.ce = ’B’l; I040Q2.ar = 168; 

/* 3 Bit Synchronous Counter using D flip-flops */ 
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BLC6.d = !BLC6; BLC6.ce = 'B’'l1; BLC6.ar = I[68; 
BLC7.d = BLC6 S$ BLC7; BLC7.ce = 'B’l; BLC7.ar = 168; 
BLC8.d = BLC8 $ (BLC6 & BLC7); BLC8.ce = 'B’1; BLC8.ar = 168; 
/* UNIVERSAL AND REGIONAL PRODUCT TERMS 


A Regional product term has inputs from all the feedbacks of its quadrant Buried 
Logic Cells, Q1’s, Q2's, and the dedicated Inputs. In addition, a Universal product 
term has the Pin/B Sum Term Feedbacks. */ 
;* OUTPUTS and FEEDBACKS 

Combinatorial: 
Use IO pin name to define the equation. The sum terms may combine to allow 5, 9, or 
13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 5 or less product terms,it leaves Q1 and Q2 each with 4 product 
terms to use. 

TOS2 up to 5 PRODUCT TERMS (3 UNIVERSAL) 

I052.0e = 1 PRODUCT TERM (REGIONAL) 

LO5201.(d or €) up to 4 PRODUCT TERMS (2 UNIVERSAL) 

I052Q1. (ck or ce) 1 PRODUCT TERM (1 UNIVERSAL) 

IO52Q1l.ar 1 PRODUCT TERM (REGIONAL) 

T052Q1.ap 1 PRODUCT TERM (REGIONAL) 

I052Q02.(d or t) up to 4 PRODUCT TERMS (3 UNIVERSAL) 

I052Q2.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 


I05202.ar = 1 PRODUCT TERM (REGIONAL) 
TO5202.ap = 1 PRODUCT TERM (REGIONAL) 
ALLOWED FEEDBACKS: SOURCE: 
1052, [052.10 aoe Pin feedback, after the buffer/inverter. 
I052Q1 -— Ql register feedback. 
1052Q2 -- Q2 register feedback. a 


/* Combinatorial: 
If the reduced equation requires 6 to 9 product terms, it leaves Q2 with 4 product 
terms to use. Q1 will feedback the A Sum Term portion of the output logic. 
IO52 up to 9 PRODUCT TERMS (5 UNIVERSAL) 
I052.0e 1 PRODUCT TERM (REGIONAL) 
I05262.(d ‘or t) up to 4 PRODUCT TERMS (3 UNIVERSAL) 
I052Q2. (ck or ce) 1 PRODUCT TERM (1 UNIVERSAL) 


I052Q02.ar = 1 PRODUCT TERM (REGIONAL) 

I052Q2.ap = 1 PRODUCT TERM (REGIONAL) 
ALLOWED FEEDBACKS: SOURCE: 
1052, 1052.10 == Pin feedback, after the buffer/inverter. 
105202 -- Q2 register feedback. a 


/* Combinatorial: 
If the reduced equation requires more than 9 product terms, it leaves no product 
terms for Ql and Q2. Q1 feeds back A. Sum Term and Q2 feeds back C Sum Term. 


I052 = up to 13 PRODUCT TERMS (8UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (REGIONAL) 
ALLOWED FEEDBACKS: SOURCE: 
1052, L052. 10 == Pin feedback, after the buffer/inverter. */ 


/* Registered: 
Use IO pin name to define the equation. The sum terms may combine to allow 4, 9, or 
13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 4 or less product terms, you may define a 5 product term equation 
for the STF (Sum Term Feedback) and define a 4 product term equation for Q2. 


[OSZ.(d or ©) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (REGIONAL) 

IO052.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
IO52.ar = 1 PRODUCT TERM (REGIONAL) 

IO52.ap = 1 PRODUCT TERM (REGIONAL) 

STFS2 = up to 5 PRODUCT TERMS (3 UNIVERSAL) 
1O5202.(a or &) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 
IO5202.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 

[05202 .azr = 1 PRODUCT TERM (REGIONAL) 

IO052Q2.ap = 1 PRODUCT TERM (REGIONAL) 
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/* 


/* 
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ALLOWED FEEDBACKS: SOURCE: 

TO52 = Register feedback prior to buffer/inverter. 
I052Q2 == Q2 register feedback. 

STF52 -- Sum Term Feedback for logic expansion. ay 
Registered: 


If the reduced equation requires 9 to 5 product terms, you may write a 4 product term 
equation for Q2. 


1052.0 or ©) = up to 9 PRODUCT TERMS (5 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (REGIONAL) 
TO52.{(eck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
1052 .ar = 1 PRODUCT TERM (REGIONAL) 
IO052.ap = 1 PRODUCT TERM (REGIONAL) 
105202.(d or t) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 
I052Q2. (ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
105202 .ar = 1 PRODUCT TERM (REGIONAL) 
I05202.ap = 1 PRODUCT TERM (REGIONAL) 
ALLOWED FEEDBACKS: SOURCE: 
(O52. i0 as Pin feedback, after the buffer/inverter. 
I052 = Register feedback prior to buffer/inverter. 
1O5202 -- Q2 register feedback. */ 
Registered: 


If the reduced equation requires more than 9 product terms, it leaves zero product 
terms for Q1 and Q2. 
1052. (d or €) 


I 


up to 13 PRODUCT TERMS (8 UNIVERSAL) 


I052.0e = 1 PRODUCT TERM (REGIONAL) 
I052.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
1052.az = 1 PRODUCT TERM (REGIONAL) 
LOS2 .ap = 1 PRODUCT TERM (REGIONAL) 
ALLOWED FEEDBACKS: SOURCE: 
TO5Z.10 -—— Pin feedback, after the buffer/inverter. 
TO52 ans Register feedback prior to buffer/inverter.*/ 


AP, AR, and CK 
Each of the 128 registers has its own .AP (Asynchronous Preset), .AR (Asynchronous 
Reset) and .CK or .CE. All CKs are Universal product terms. The ARs and APs are 
Regional product terms. 


NOTE: AP and AR should never be active at the same time. wf 
I010.d = !I010; 
1010.¢k = 108; 
I010.ar = 166; 
I010.ap - 135% 


/* 


BURIED LOGIC CELLS 
Buried Logic Cell can be configured as a register feedback like Q2. It can also be 
configured as combinatorial feedback to accommodate for logic expansion. */ 


BLC17.t = ‘Ble /*Registered */ 
BLC17.ck = 109; 

BLCl7.ar = 166; 

BLC14 = Il; /*Combinatiorial */ 
L625 = BLC17; 

1026 = BLC14; 

END; 
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Features 
High Throughput - Uniform and Predictable Performance 
High I/O Pin Counts 
High Speed - Over 80 MHz System Clock Rate Operation 
Flexible Interconnect Architecture - Universal Routing 
Multiple Flip-Flop Types - Synchronous or Asynchronous Registers 
Complete Third Party Software Support 
No Placement, Routing or Layout Software Required 

e Proven and Reliable High Speed CMOS EPROM Process 

2000 V ESD Protection 

200 mA Latchup Immunity 
e Reprogrammable - Tested 100% for Programmability 
e Commercial, Industrial and Military Temperature Grades 


Block Diagram 


Input Pins 


Logic Region 1 vO Pe eye 


| ST 


CABLE Terms 


CABLE Terms 


Logic Region N i 
VO Pins 
eee = soeeeniilll 


CABLE Terms 
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Description 
The Atmel H-Series Programmable Logic Devices are easy to use, high throughput devices. 
Their simple, regular architecture translates into increased utilization and high performance. 


The Atmel H-Series EPLDs have one programmable combinatorial logic array. This guaran- 
tees easy interconnection of and uniform performance from all nodes. Sum terms, which are 
easy to use blocks of gates, provide combinatorial AND/OR logic blocks. Sum terms can be 
wire-OR’d together to integrate larger logic blocks. Sum terms or registers can drive the I/O 
pins. 

All registers are configurable as D- or T-types without using extra logic gates. Individual sum 
terms and clocks give each flip-flop added flexibility. A direct "clock-from-pin" option guar- 
antees synchronization and fast clock to output performance. 

(Continued on next page) 


H-Series EPLDs ATHS5500/L 
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ee | 


Logic Region 7 Logic Region 7 
Logic Region 6 Logic Region 6 Logic Region 6 Logic Region 6 
Logic Region 5 Logic Region 5 


Logic Region 5 
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Description (Continued) 

Standard off-the-shelf third party software tools and program- 
mers support the H-Series. This minimizes start-up investment 
and improves product support. 


The H-Series addresses applications that need high-frequency 
operation and a high I/O pin count. It achieves predictably high 
throughput rates over a wider range of designs than has been 
possible in the past through the use of innovative architecture 
and logic cell design. A logic cell with many possible configu- 
rations gives a finer logic granularity and maximizes logic 
resource usage. Complement Array Buried Logic Extender 
(CABLE) terms increase the connectivity between logic re- 
gions. Additional logic increases the number of input terms 
available to sum terms without degrading performance. 


Logic Array Architecture 

The block diagram shows the basic structure of the H-Series de- 
vices. Like the ATV5000 device currently available from 
Atmel, the H-Series uses regions within the device. Each region 
consists of a group of logic cells, CABLE terms, and a program- 
mable AND logic array. Figure 1 shows that regional logic cells 
generate inputs that feed that region’s AND logic array. Univer- 
sal logic cells generate input that feed into the universal AND 
array, which provides interconnect to other regions. 


The AND logic array for each region receives inputs from four 
different sources. These include the inputs from each logic cell 
within the region, from dedicated universal input pins, from uni- 
versal logic cells, and from CABLE terms. 

Each region’s AND array provides complete interconnect for 
signals within that region. In addition, any product terms within 
a given region also have inputs available as the signals on the 
universal bus. 


Figure 1. Functional Logic Diagram 


INPUT PINS 
UNIVERSAL INPUTS 
PRODUCT ( 
TERMS 


[re 


REGISTER CLOCK PINS 


INPUT / OUTPUT VO PINS 


LOGIC CELLS 


V/O PINS 
INPUT / OUTPUT 
LOGIC CELLS 


UNIVERSAL BUS TO ALL REGIONS 


H-Series EPLDs 


7-162 


UNIVERSAL 


REGIONAL 


Logic Cell Architecture 

In the H-Series, each logic cell has eight product terms and gen- 
erates one array feedback term. The product terms provide two 
three-inputs sum terms, a clock term, and an output enable term. 
Programmable switches combine sum terms with each other, 
and with sum terms from adjacent logic cells. This sum term 
joining is similar to Atmel’s V-Series devices, and allows up to 
12 product terms with no delay penalty. To further aid logic fit- 


Node Feedbacks 


Figure 2a. Registered Output, Combined Terms 
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Figure 2c. Combinatorial Output, Combined Terms 


Figure 2d. Combinatorial Output, Separate Terms 
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ting, sum term joining also operates across region boundaries 
for two adjoining cells that lie in different regions. 

The H-Series logic cell contains a single flip-flop which may be 
configured as D- or T-Type. Figures 2, 3 and 4 shows the logic 
cell’s possible configurations. Modes are distinguished by out- 
put type (registered or combinatorial), feedback source (pin, 
register, or combinatorial node), and sum term configuration 


Register Feedbacks 
Figure 3a. Register Output, Combined Terms 
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(combined or separate). Atmel’s V-Series devices have featured 
two or three basic modes, whereas the H-Series breaks the logic 
cell down into smaller elements that may be utilized separately. 
This finer granularity allows higher gate utilization, while the 
reduced amount of interconnect guarantees high performance 
for all applications. 


Pin Feedbacks 


Figure 4a. Register Output, Combined Terms 
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The flip-flop clock option has three modes as shown in Figure 
5, and is identical to the clock option used on the ATV5000. The 
clock product term controls asynchronous operation. A regional 
clock pin controls synchronous operation. Asynchronous clock 
gating is possible by ANDing the regional clock pin with the 
clock product term. As with the ATV5000, using the regional 
clock input pin results in faster clock-to-output delays than the 
product terms clock input. 


The output enable function has three modes as shown in Figure 
6. The output enable comes from the logic cell OE product term, 
a regional OE term, or an OR function of these. This last option 
realizes an AND/OR output enable control and uses only one 
product term per logic cell for this function. 


Figure 5. Clock Option 
| ——— oe tT 
RCKn | 
TO 
LOGIC 
ee SELECT | = 
PRODUCT | 
TERM | 


Figure 6. OE Option 


GoE [ __ sELecT | 


OEPT — — —— 


FROM LOGIC 
CELL 


CABLE Terms 


Figure 7 shows the CABLE logic extender term structure. Each 
term receives all of the AND array inputs in one region. The 
NAND output is an output to the ANDs of multiple regions. 
This technique provides an additional interconnect mechanism 
between regions, allowing regional signals to be combined and 
fed onto the universal bus. 


Figure 7. CABLE Term Schematic 
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Applications 

The H-Series is ideal for applications requiring high speed and 
where most logic needs to be accessible to the rest of the system. 
Examples of such applications include: 


e Decoders 

Serial-to-Parallel Data Conversion 

DMA Address Counters 

Integration of Multiple Small PLD Designs 

Signal Synchronization 

Decoders are well-suited to the H-Series architecture, as they 
generally have a modest number of address inputs and a few 
control inputs. A single region can hold most normal bank de- 


code logic, and if more address inputs are needed, another re- 
gion could be used with CABLE term interconnection. 


Serial-to-parallel data conversion is a natural for the H-Series. 
Because there is always at least one universal pin in every re- 
gion, shift registers of any width can be built that operate at the 
device’s maximum clock rate. Since every flip-fop has an out- 
put pin available to it, the converted data will be available for 
the system to read immediately. 


DMA address counters also need their outputs available for use 
in the system, so the availability of I/O pins in H-Series devices 
again is very useful. The ability to switch between D-type and 
T-type flip-flops is beneficial here because using T-mode al- 
lows large counters to be built without expanding the number of 
product terms requires. Counters can be easily built across re- 
gion boundaries using either synchronous carry bits, or sum 
term sharing across region boundaries. 


Integrating multiple small PAL™-type devices into a single 
H-Series is easily accomplished by putting each small device’s 
logic in its own region. Since a region has eight or ten outputs, 
a typical PAL™-type device will go into one or two regions (de- 
pending on how many input are signals are needed). 


Signal synchronization uses a few flip-flops and some simple 
logic, so a single region can easily handle several such circuits, 
using regional pins as inputs and putting the new, synchronized 
signal on one of the universal pins for use anywhere in the chip. 


Design Support 

Like all of Atmel’s PLD products, H-Series PLDs are supported 
by third-party design and programming tools. Initially, the 
H-Series devices have support from Data I/O (ABEL™ design 
software and programmers), and Viewlogic Systems (design 
software). Other vendors are developing support, and an up-to- 
date of tools that support the H-Series is available from the 
Atmel EPLD applications department. 


Summary 

The H-Series is a complex PLD family designed for high 
throughput: fast propagation with high I/O count. It achieves 
fast propagation times over a wide range of applications by 
using a regionalized interconnect and an innovative logic cell 
that allows high logic utilization. 


PAL™ and ABEL ™ may be registered trademarks of others. 


SEP S - lS .aceeaSEE en 


Shenton none cummommmmmommnmmncccan 8 ASOOG/ 


Features 
High Through-Put Programmable Logic Device 
High Speed - 83.3 MHz System Clock Rate Operation 
Low Power - 0.5 mA Typical (ATH3000L) 
Flexible Interconnect Architecture - Universal Routing 
56 Logic Cells - 56 Flip-Flops - 56 I/O Pins 
Multiple Flip-Flop Types - Synchronous or Asynchronous Registers 
Complete Third Party Software Support 
No Placement, Routing or Layout Software Required 

e Proven and Reliable High Speed CMOS EPROM Process 

2000 V ESD Protection 

200 mA Latchup Immunity 
e Reprogrammable - Tested 100% for Programmability 
e Commercial, Industrial and Military Temperature Grades 
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Description | 
grammable logic device. Its 
The Atmel ATH3000/L has one pro 
easy interconnection of and uniform peé 
to-use blocks of gates, provide comb: 
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kS. To expand the levels of logic, buried sum terms 
m term can drive each of the 56 I/O pins. 


ed flexibility. A direct “clock from pin” option 
ast Clock to output performance. 


if third party. software tools and programmers support the ATH3000/L. 


This minim: vestm mt and improves product support. 
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Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 

Voltage on Any Pin with si iene cena of this aera is iis ns 

> 1 Xposure to absolute maximum rating conditions for exten 

Respect to Ground 2.0V to +7.0V periods may affect device reliability. 


Temperature Under Bias -55°C to +125°C 


Storage Temperature -65°C to +150°C 


Voltage on Input Pins 
with Respect to Ground 
During Programming -2.0 V to +14.0 V' 


Note: 

1. Minimum voltage is -0.6 V de which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 

Programming Voltage with is Vcc+0.75 V dc which may overshoot to +7.0 V for pulses 


Respect to Ground -2.0 V to +14.0 V" of less tgs 2k 
Integrated UV Erase Dose 7258 W-sec/cm* 


D.C. and A.C. Operating Range 
ATH3000-15 ATH3000/L-20 ATH3000/L-25 
0°C - 70°C 0°C - 70°C 0°C - 70°C 
ican | -40°C - 85°C -40°C - 85°C -40°C - 85°C 


-55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+10% 5V+10% 5V+10% 


D.C. Characteristics 
Symbol Parameter Condition 
Input Load Current Vin = -0.1 V to Voc+1 V 
LO Output Leakage Current VouT =- 0.1 V to Vcc+0.1 V 


Power Supply Current Vcc = MAX, Vin= GND or Vcc Com. 
ATH3000 Outputs Open Ind. Mil. 


L 


Power Supply Current Vcc = MAX, Vin = GND or Vcc Com. 
ATH3000L Outputs Open ind. Mil. 


Clocked Power Supply f = 1 MHz, Vcc = MAX Com. 
CC2 | Current, ATH3000L Only Outputs Open ad 


(1) 
VIL 
Ta Input High Voltage 


< 
nd 
ro) 


Vcec+0.75 V 


VIN = ViH/ViL,loL = 12 MA Com,Ind; 05 V 
8 mA Mil. | 


IOH = -100 pA 
IOH = -4.0 MA 


Note: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 seconds. 


VOL Output Low Voltage 


Icc 
Icc 


VOH Output High Voltage 
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Functional Logic Diagram Description 
There are 56 identical Input/Ouput logic cells in the ATH3000. 
Each I/O cell has one flip-flop, six product terms divided into 
two sum terms, a clock term and one output enable term. 


Each logic cell drives one signal (56 total) into the logic array. 
This signal can come from the pin, the flip-flop or the sum term. 
Each signal is either regional or universal. 

The ATH3000/L has six regions. The Universal Bus routes sig- 
nals to all six regions. It contains six Complement Array Buried 
Logic Extender (CABLE) terms, the true and false signals from 
ten universal I/O pins and the true and false signals from the two 
input-only pins. Regional buses route regional true and false sig- 
nals. 

Each I/O Logic Cell contains two sum terms, one flip-flop, a 
feedback buffer and an I/O buffer. Output enable and clock op- 
tions have one product term each per I/O Cell. 

The ATH3000/L has six CABLE terms. These terms provide 
wide-input NAND gate structures or universal routing. 
Register preload simplifies testing. All registers automatically 
clear at power up. 


ATH3000/L Block Diagram 
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Functional Logic Diagram, 
ATH3000/L Logic Region 
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Logic Region Description 
The ATH3000/L has six regions containing a total of 56 identi- 

cal input/output logic cells (figure 2). The Universal Bus routes 

signals from ten universal I/O logic cells, Pins 1 and 35, and the 

CABLE terms. Regional buses route the remaining regional I/O 

logic cell signals. 


CABLE Terms 

CABLE terms in each ATH3000/L logic block provide a wide- 
input NAND function. This function is useful for logic expan- 
sion and for universal routing. CABLE terms route any signal or 
product of signals into the universal bus. Universal bus signals 
are available to every logic cell in the ATH3000/L. 

CABLE terms provide two functions: 1) the ability to collect 
common logical expressions into one gate, and 2) the ability to 
route this signal to the entire chip. CABLE terms are useful for 
routing regional signals to the universal bus for use elsewhere. 


CABLE Term Schematic 


et 


UNIVERSAL REGIONAL 


Figure 3 


Group Resource Assignments 
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Register Clock Pin 68 68 34 34 


Group OE Term 1 4 2 
2 


1 


7-167 


AIMEt 


Logic Cell Options 

The ATH3000/L logic cells contain most of the chip’s logic op- 
tions. The block diagram in figure 4 shows the eight product 
terms, one array input buffer and an I/O buffer. Figures 6, 7 and 
8 show the product term groupings. Each logic cell also contains 
one flip-flop, two sum terms, and clock and OE options. Com- 
bining the two sum terms provides three to six product terms. 
Combining neighboring sum terms provides up to 12 product 
terms in a single sum term. 

The I/O buffer outputs the combinatorial input or registered out- 
put of Q1. The array input buffer transmits Q1, the pin or the ’E’ 
node to the array. The flip-flop stores B, E or the pin input. 
The clock and OE options each have one product term. Each of 
four group OE terms is OR’ed with blocks of 14 I/O logic cells. 
Group AR and AP terms each feed one-quarter of all flip-flops. 


Logic Region Structure 


UNI- 
VERSAL REGIONAL 


CLOCK PIN 
— (94 0R 68) 


1-3 1/0 
PINS 
secon  FUD 
K 2 pins 
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Figure 4 
Clock Option 
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TO 
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CLOCK 
PRODUCT | SELECT | 
TERM ; 
Figure 5 
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Node Feedbacks 
Registered Output, Combined Terms 


Figure 6a 


Registered Output, Separate Terms 
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Combinatorial Output, Combined Terms 


Figure 6c 


Combinatorial Output, Separate Terms 


Figure 6d 


Flip-Flop Clock Options 

Each register can be connected to a clock pin to provide fast 
clock to output timing (see Figure 5). In this “synchronous” 
mode, the clock is one of two input pins, a unique clock pin for 
each chip half. One product term defines each flip-flop’s clock 
in the “asynchronous” mode. 


In the “synchronous” mode, the register clock pin is ANDed 
with the product term. This provides the fast timing of a syn- 
chronous clock with the local control of the product term. 


Flip-Flop Types 

Each flip-flop in the ATH3000/L may be configured as either a 
T- or D-type flip-flop. A T-type flip-flop can also easily be con- 
figured into a JK or SR flip-flop. 
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Register Feedbacks Pin Feedbacks 
Register Output, Combined Terms Register Output, Combined Terms 


Figure 7a Figure 8a 


Register Output, Separate Terms Register Output, Separate Terms 


Figure 7b Figure 8b 


Combinatorial Output, Combined Terms Combinatorial Output, Combined Terms 


Figure 7c Figure 8c 


Combinatorial Output, Separate Terms Combinatorial Output, Separate Terms 


Figure 7d } Figure 8d 


Output Enable Options OE Option 

Each output of the ATH3000/L functions as a bidirectional ee Eciear || 
buffer. The OE option in each I/O logic cell controls the signal GoE | onal 
direction. In the default condition, the output driver is controlled 
by the product term in each I/O cell (OEPT). When selected, the 
output control is the logical OR of the product term and a prod- 


OPT — — —— 


uct term from each quadrant of the chip (GOE). I/O pins 2-17 in FROM LOGIC 

regions 1, 2, and 3 use group OE term 1. I/O pins 52-66 in CELL 
regions 1, 2, and 3 use group OE term 4. I/O pins 18-32 in regions Figure 9 
4,5, and 6 use group OE term 2. I/O pins 36-51 in regions 4, 5, 

and 6 use group OE term 3. 
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A.C. Waveforms “” A.C. Waveforms” 
Input Pin Clock Product Term Clock 
REGISTER twA—— 
CLOCK Pr i ibe i oe a h i =e 
coe A ssmenmoncus \ A 
OS tAP tAP 
a KI, “= 
REGISTERED | XX ouput OUTPUT REGISTERED Be ouput output 


OUTPUTS /\ VALID OUTPUTS 
min XX rmomors KX 
FEEDBACKS | 1, Cie, Visa FEEDBACKS KA 


Notes: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


Register A.C. Characteristics, Input Pin Clock 


ATH3000-15 | ATH3000/L-20 | ATH3000/L-25 
Parameter 
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Fmaxs | Maximum Frequency 1/(tcFs+ tsFs) 


Register A.C. Characteristics, Product Term Clock 


ATH3000-15 | ATH3000/L-20 | ATH3000/L-35 
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[tora | Clock Inputto Registered Feedback | 29 
[tsa | Pininput Setup Time | 10 
[tsra | FeedbackSetupTime |S 
[tia | Hold Ti fa Bie btn ee 
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usa | Asnchvorous ResevPreset Recovey Tine | 18 
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A.C. Waveforms “” 


INPUTS AND 


tER1 tEA 
COMBINATORIAL rer output \/ OUTPUT U/W nien z//V output 
OUTPUTS /\/\/\ VALIO VALID ava ep. VALID 
REGISTERED Ga VV | [[V OUTPUT 
la \\N VALID 
tPD3 tPD2 tPD4 tER2 tEA2 
INTERNAL 


Notes: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics 


eS 
Parameter ee ee eS 
[InputtoNon-Registered Output, =| 15 | 20 |g 
- 12 
12 
10 
15 


jteo1 I 

[teoz | Feedback toNon-Registered Output | 12 
[teva | InputtoNon-Registered Feedback | 12 
|teos | FeedbacktoNon-Registered Feedback | 10 
tear | InputtoOutputEnable | 18 
tert | Input to OutputDisable | 15 
[tera | FeedbacktoOutputEnable | 12 
tere | Feedbackto Output Disable | 12 
ts | inputLatchSetupTime | 5 
tH I 


Input Latch Clock Width 
‘tp _| Input Latch Clock Period 


Input Latch Hold Time 5 | 
FMax__ | Maximum Frequency (1/t) 
15 


taw | Asynchronous Reset/Preset Width 
Asynchronous Reset/Preset 
to Registered Output 
ta Asynchronous Reset/Preset 
oS to Registered Feedback 


input Test Waveforms and Output Test Load 
Measurement Levels 5.0V 
3.0V 
- AC R1=300 
DRIVING < 1.5V >< MEASUREMENT (450 MIL) [| OUT 
LEVELS LEVEL 
0.0V R2=190 CL=50pF 
iR,tr<5ns (10% to 90%) ore al 
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Preload of Registered Outputs 

The ATH3000/L’s registers are provided with circuitry to allow 
loading of each register asynchronously with either a high or a 
low. This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. A V1 level 
on the I/O pin will force the register low; a Vix will force it high, 
independent of the polarity setting. The PRELOAD state is en- 
tered by placing an 11 V to 14 V signal on pin 35 on SMPs. 
When the clock (pin 1) is pulsed high, the data on the I/O pin is 
placed into the associated register. 


VH 


PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE I/O'S 
OUTPUTS DIS. TOVIHOR VIL 


Operating Modes 


PGM Verify 


PGM Inhibit Vpp VIH VIH VIH VIH X 6V High Z 


| Preoad | su X x 


Notes: 1. X can be Vy or Vou. 


Power Up Reset 

The registers in the ATH3000/L are designed to reset during 
power up. At a point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 

This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must be 
met before driving the clock term high, and 

3) The signals from which the clock is derived must remain sta- 
ble during tpr. 
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PRELOAD DATA 
CLOCKED IN 


Level forced on 
registered output pin 
during PRELOAD cycle. 


Register state 
After Cycle 


tDmin = 100 ns 


OUTPUT 
VOLTAGE 
REMOVED 


PRELOAD 
DISABLED 


68 Lead LCC Pin 


Vcc 
(3,20,37,54) I/Os 


5V /O 
6V ADD/DiN 
6V ADD/Dout 


x Vu © 5V DIN 


2. VH = 11.0 Vto 14.0 V 


3.8V 
POWER 
tPR 
REGISTERED 
OUTPUTS tS 
tW 
CLOCK 


Parameter Description Min Typ Max Units 


Power-Up 


ATH3000 PLCC/PGA Pin Assignments 


PLCC PGA PLCC PGA 


Pin# Pin# Name Pin# Pin# Name 


O}/O|NIOD |} {o/h 
> w ee ee) 
ho ot) oS on 


Pin Capacitance (f= 1 MHz, T = 25°C) “ 


PLCC PGA 
Pin# Pin# 


Units Conditions 
PON 


PLCC PGA 


Name Pin# Pin# Name 


/O 


Note: 1. Typical values for nominal supply — This parameter is only sampled and is not te tested. 


Security Fuse Usage 
A single fuse is provided to prevent unauthorized copying of the 
ATH3000/L fuse patterns. Once programmed, all outputs ap- 


Erasure Characteristics 

The entire memory array of an ATH3000/L is erased after expo- 
sure to ultraviolet light at a wavelength of 2537 A. Complete 
erasure is assured after a minimum of 20 minutes exposure 
using 12,000 uW/cm? intensity lamps spaced one inch away 
from the chip. Minimum erase time for lamps at other intensity 


ATMEL 


pear programmed during verify. The security fuse should be 
programmed last. 


The security fuse inhibits Preload. 


ratings can be calculated from the minimum integrated erasure 
dose of 15 W-sec/cm*. To prevent unintentional erasure, an 
opaque label is recommended to cover the clear window on any 
UV erasable EPLD which will be subjected to continuous fluo- 
rescent indoor lighting or sunlight. 
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Ordering Information 


tPD tcos fMAXS 


ATH3000-15JNC 
ATH3000-15KC 
ATH3000-15UC 


ATH3000-15uI 
ATH3000-15KI 
ATH3000-15UI 


ATH3000-20JC 
ATH3000-20KC 
ATH3000-20UC 


ATH3000-20JI 
ATH3000-20KI 
ATH3000-20UI 


68J 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


ATH3000-20KM/883 
ATH3000-20UM/883 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


ATH3000-25JC Commercial 
ATH3000-25KC (0°C to 70°C) 
ATH3000-25UC 


ATH3000-25JI 
ATH3000-25KI 
ATH3000-25UI 


Industrial 
(-40°C to 85°C) 


ATH3000-25KM/883 
ATH3000-25UM/883 


Military/883C 
Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 
68 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 
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ATH3000/L 
Ordering Information 


t t f 
68J 


66.7 ATH3000L-20JC Commercial 
ATH3000L-20KC 68KW (0°C to 70°C) 
ATH3000L-20UC 68UW 
ATH3000L-20JI 68J Industrial 
ATH3000L-20kKI 68KW (-40°C to 85°C) 
ATH3000L-20UI 68UW 
ATH3000L-25JC 68J Commercial 
ATH3000L-25KC 68KW (0°C to 70°C) 
ATH3000L-25UC 68UW 

68J 


ATH3000L-25JI Industrial 
ATH3000L-25KI 68KW (-40°C to 85°C) 
ATH3000L-25UI 68UW 


ATHS3000L-25KM 68KW Military 
ATH3000L-25UM 68UW (-55°C to 125°C) 


Package Type 
| 68) _—«|-: 68 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
| 68KW 68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 


7-175 


7-176 


EPLD Software Tools Overview 


Atmel’s philosophy is that you should be 
able to use standard tools you already have 
to design with our programmable logic de- 
vices. For those users that do not currently 
have such a tool, or who wish to augment 
tools they already own, we have Atmel- 
specific versions of standard tools avail- 
able at very reasonable costs. 


With the tools Atmel has available, we can 
serve the needs of beginning users as well 
as more experienced users. Based on the 
background of the user, we can make rec- 
ommendations on the most cost effective 
solution (see Table 1). If you have any 
questions regarding which package is best 
suited to a particular set of needs, please 
contact the Atmel EPLD Technical Sup- 
port Hotline at (408) 436-4333. 


General 

Atmel offers versions of standard third- 
party PLD design tools that are limited to 
only Atmel EPLD devices at a reduced cost 
compared to the normal versions. These 
systems are based on software licensed 
from Data I/O Corporation and Viewlogic 
Systems, Inc. 


Under the terms of our agreements with 
Data I/O and Viewlogic Systems, Atmel 
may sell these systems and their options 
only to users of these limited systems. If a 
customer already has the full function ver- 


sion from Data I/O and/or Viewlogic Sys- 
tems, they can purchase upgrades or op- 
tions from the original company, not from 
Atmel. 


This document outlines general system 
configurations required to use the various 
systems, details each package including or- 
dering information, and includes a section 
with suggested systems for various types 
of users. 


Required System 


Configurations 

At the present time, all of the EPLD sys- 
tems described are available only on 
PC386/486 platforms running DOS with 
the system requirements indicated in Table 
2. Contact the Atmel EPLD Hotline at 
(408) 436-4333 for further information on 
system configurations 


Systems 

Atmel offers several levels of systems to 
meet the various needs of our customers. 
The systems are described on the following 
pages, along with a brief description of 
their function. For further information, 
contact your local Atmel sales representa- 
tive or the Atmel EPLD Hotline at (408) 
436-4333. 


AIMEL 


CMOS EPLD 
Development 
Software 
Support 
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Table 1. Software System Recommendations 


Recommended 
System 


No prior PLD experience. Wants basic support for 
New PLD User devices like ATV750 and ATV2500 and is willing to Atmel-ABEL-4 
do manual pin assignment. 


: : Knows Atmel parts, wants to use the ATV5000/ : 
Atmel-ABEL-4.0 User ATV5100 and wants to use automatic fitting. Atmel-FIT5000 Upgrade 


Knows ABEL, CUPL, or PALASM, and is familiar 

with 22V10 design. Wants to move up in density, Atmel-ABEL V-Series Kit 
and wants automatic fitting to reduce need to learn 

detailed internals of each device. 


PAL-type Device User 


lf user wants H-Series automatic fitting as well... V-Series/H-Series Kit 


Uses complex PLDs from Altera or AMD. Wants 

state-of-the-art tools for Atmel’s V- and H-Series to Atmel-ViewPLD 
take advantage of their speed and density. Wants (includes one year of 
schematic capture, simulation, and multiple design maintenance) 

entry modes. 


Complex EPLD User or 
TTL Designer 


Uses FPGAs from Xilinx, Actel, or others with 
Viewlogic CAE tools for schematic capture and Vi 

FPGA User simulation. Wants to add capability for Atmel’s V- and Phil A ° “(i rade 
H-Series to take advantage of their speed and density Pg 
for control and timing applications. 


Note: 1. For proper ordering codes, consult the Atmel EPLD Software Tools Product Description List 


Table 2. EPLD System Configuration Requirements 


Atmel-ABEL “” Atmel-ViewPLD 
Platform: PC386/486 PC386/486 


Operating System: DOS 3.0 or greater DOS 3.0 or greater 


. CGA, EGA, Hercules, EGA, Hercules, 
Display Adaptor: VGA or SVGA VGA, or SVGA 


6 Mbytes total min. 


System Memory: 4 Mbytes total 12 Mbytes total recommended 


Hard Disk:  SPace required: 5 Mbytes 26 Mbytes 
‘ Disk Size Recommended: 40 Mbytes min. 80 Mbytes min. 


1 parallel 


/O Ports required: 1 parallel 1 serial (for mouse) 


Mouse: not required Mouse systems or compatible 


Note: 1. Atmel-ABEL can be run on 8086 and 80286 systems but it must be installed in "standard" mode. Atmel-ABEL "standard" mode 
does not support any of Atmel’s high density devices such as ATV5000, ATV51000 and the H-Series family. 
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EPLD Software Tools Product Description List 


Atmel-ABEL-4 
Ordering Code: ATABEL-4 


Basic ABEL support for Atmel V-Series and H-Series devices. 
Does not include any automatic device fitters, which are op- 
tional and priced separately or available in packages called 
Atmel-ABEL Kits. Current users of Atmel-ABEL-4.0 do not 
get an automatic upgrade to this version, however a reduced 
cost upgrade is available when purchased together with the 
ATV5000 device fitter (see below). 


A user purchasing this package now will receive basic 
ATH3000 support and additional H-Series device support as 
each device is released. 


Atmel-FIT2500 
Ordering Code: ATFIT2500-4 


Automatic ATV750/ATV2500 device fitter for Atmel-ABEL- 
4. Requires Atmel-ABEL version 4.2 or greateer in order to run. 


Atmel-ABEL V5000 Fitter 
Ordering Code: ATFIT5000 


Automatic ATV5000/ATV5100 device fitter for Atmel-ABEL- 
4. Requires Atmel-ABEL version 4.2 or greater in order to run. 
Current Atmel-ABEL-4.0 users may purchase this fitter to- 
gether with an upgrade to Atmel-ABEL-4 for $100 additional 
(see Atmel-ABEL V5000 Fitter Upgrade). 


Atmel-ABEL V5000 Fitter Upgrade 
Ordering Code: ATFIT5000-UP 


Package consisting of FITS000 fitter plus an upgrade from 
Atmel-ABEL version 4.0 to Atmel-ABEL-4. The user is re- 
quired to return their original Atmel-ABEL version 4.0 master 
disks to the Atmel EPLD marketing department to be eligible 
for the upgrade. 


Atmel-ABEL H-Series Fitter 
Ordering Code: (Contact Factory) 


Automatic device fitter for Atmel-ABEL-4. Requires Atmel- 
ABEL version 4.2 or greater in order to run. 


Atmel-ABEL V-Series Kit 
Ordering Code: ATABEL-KITV 


A package consisting of Atmel-ABEL-4 together with fitters 
for the ATV750/ATV2500, and ATV5000/ATV5100. A com- 
plete development package for the V-Series with fitters, that 
offers a savings to the user over the components purchased sep- 
arately. 
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Atmel-ABEL V-Series/H-Series Kit 
Ordering Code: ATABEL-KITVH 


A package consisting of Atmel-ABEL-4 together with fitters 
for the ATV750/ATV2500, and ATV5000/ATV5100, and H- 
Series. A complete package with all fitters, that offers a savings 
to a user over the components purchased separately. If a user 
purchases this package now, they will receive the H-Series fitter 
as soon as it is available. 


Atmel-ABEL to ViewPLD Upgrade 
Ordering Code: ATABEL2VIEW 


Upgrade package to upgrade an Atmel-ABEL-4 user to an 
Atmel-ViewPLD system. A user must have purchased Atmel- 
ABEL-4 and all three fitters (or an Atmel-ABEL Kit) in order 
to purchase this upgrade. 


Atmel-ViewPLD 
Ordering Code: ATVIEWPLD-4 


A complete stand-alone ViewPLD system with all ABEL func- 
tions plus Viewlogic schematic capture, simulation (unit delay 
and timing) as well as modeling and partitioning functions plus 
utilities. Includes all fitters. Price includes one year of mainte- 
nance/updates. Maintenance is optional after the first year. 


A user purchasing this package now will receive basic 
ATH3000 support and additional H-Series device support as 
each device is released and the H-Series fitter as soon as it is 
available. 


Atmel-ViewPLD Maintenance 
Ordering Code: ATVIEWPLD-MAINT 


One year of updates and maintenance for the ViewPLD soft- 
ware. Maintenance for one year is included with the purchase of 
Atmel-ViewPLD, and it is optional after the first year. Mainte- 
nance is not required for the purchase of an Atmel-ViewPLD 
Intermediate Upgrade, but is available if the user wishes to pur- 
chase their updates from Atmel. 


Atmel-ViewPLD Intermediate Upgrade 
Ordering Code: ATVIEWPLD-INT 


A ViewPLD system sold as an add-on for users with an existing 
vendor-specific (SDA) Viewlogic seat. Examples of SDA seats 
are Viewlogic front-end systems sold by Xilinx and Actel for 
use with their place-and-route tools. Adds Atmel EPLDs to the 
system. Includes all Atmel-ABEL files and fitters plus access to 
the appropriate Viewlogic libraries. May not be sold to a user 
with a full Viewlogic seat purchased from Viewlogic. Those 
users must purchase ViewPLD directly from Viewlogic. 


A user purchasing this package now will receive basic 
ATH3000 support and additional H-Series device support as 
each device is released and the H-Series fitter as soon as it is 
available. 
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Ordering Information 


Ordering Code Description 


ATABEL-4 High-Level Design Tool for Atmel Programmable Logic Devices: 
ATV750, ATV2500, ATV5000, ATV5100, and H-Series 


ATABEL-kKITV Atmel-ABEL-4 Kit with V-Series Fitters 
ATABEL-KITVH Atmel-ABEL-4 with V-Series and H-Series Fitters 


(requires previous purchase of Atmel-ABEL 4.2 and all fitters before purchasing upgrade kit) 
ATFIT5000-UP 
CIF 
ATVIEWPLD-4 
ATVIEWPLD-INT 
ATVIEWPLD-MAINT 
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Features 


e Atmel-ABEL-4 Uses the Industry-Standard ABEL Hardware 
Description Language 
e Multiple Input Methods : 
Boolean Equations, Truth Tables and State Diagrams 
Optional Schematic Entry Available 
e Automatic Logic Reduction, Simulation, Error Checking, 
and Generation of Design Documentation 
e Optional Device Fitters Peform Automatic Pin/Node Assignment 
and Logic Syntheseis 
e Automatically Takes Advantage of Atmel’s EPLD Architecture, 
Joining Sum Terms When Extra Product Terms are Needed 


High-Level 
Design Tool 


rayne nn gga aay a ron 
— o actions Supports ATV750, ATV2500, ATV5000, Pp rogramma ble 
ae atom ae ATV2500, ATV5000, ATV5100, and H-Series Logic Devices: 
aol pie at Coupons ales 
ATV2500 
ATV5000 
ATV5100 


H-Series 


tet 


\ 

N 
SS: 
\. 
. 
3S 


Description 
Atmel Programmable Logic Devices (PLDs) offer powerful solutions for logic design. Atmel- 
ABEL-4, developed by Data I/O Corporation, is a software package specifically designed to 
support development with Atmel Programmable Logic Devices. 
Atmel-ABEL-4 offers all of the function and features of Data I/O’s standard ABEL software 
package while supporting Atmel’s high-density PLDs: the ATV750, ATV2500, ATV5000, 
ATV5100 and H-Series devices. Support for other manufacturer’s PLDs is not provided. 
Atmel-ABEL-4 automatically takes advantage of Atmel’s innovative multiple sum term PLD 
architecture. When your reduced equations require more product terms than anticipated, the 
software automatically allocates the next available block of product terms to your equation. 
Continued on next page 
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Desciption (Continued) 


Atmel-ABEL-4 automatically reduces your logic equations to 
near minimal form. Depending on your requirements, you can 
choose among several reduction algorithms. The result is a more 
efficient, cost-effective design. 

Behavioral simulation is an integral part of the Atmel-ABEL-4 
design package. Simulation may be performed on either the de- 
sign equations as entered, or after device selection, pin and node 
assignment, and option selection. This way you can verify that 
the completed design matches your design input. 


Design Flow Diagram 


ABEL-HDL 


COMPILE 


SCHEMATIC 
NETLIST 
CONVERSION 
(OPTIONAL) 


LOGIC 
FITTING 
(OPTIONAL) 


Requirements for 
ATV750 and ATV2500 Support 
¢ MS-DOS Compatible Personal Computer 
(version 3.0 or higher) 
¢ 5 1/4" High Density Floppy Disk Drive 
(low density disks available on request) 
¢ 640K RAM 


Ordering Information 


ATABEL-4 


ABEL™ and MS-DOS™ may be trademarks of others. 
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SIMULATE 


FUSEMAP 


Ordering Code Description 


High-Level Design Tool for Atmel Programmable Logic Devices: 
ATV750, ATV2500, ATV5000, ATV5100 and H-Series 


ATABEL-KITV Atmel-ABEL-4 Kit with V-Series Fitters 
ATABEL-KITVH Atmel-ABEL-4 with V-Series and H-Series Fitters 


Atmel-ABEL-4 uses the Open ABEL format which allows the 
use of optional logic fitters. These logic fitters perform auto- 
matic device pin and node assignment and macrocell option se- 
lection to make maximum use of device resources, speeding up 
the design process. 

Once your design is ready, Atmel-ABEL-4 generates standard 
JEDEC files which can be downloaded to your programmer 
with the terminal emulation software included with the package. 


OPTIMIZE 


DEVICE INDEPENDENT 


DEVICE SPECIFIC 


SIMULATE 
JEDEC 


JEDEC FILE FOR 
PROGRAMMING 


Additional Requirements for 
ATV5000, ATV5100 and H-Series 
Support 


¢ MS-DOS Compatible Personal Computer 
(version 3.0 or higher) 


¢ 486, 386 or 386SX CPU 
e 2 MB RAM (Extended Memory) 


Pies ee en | 
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Features 


Works with Atmel-ABEL-4 PLD Design System 

Allows Device-independent Design 

Optimizes Resource Utilization 

Assigns Signals to Pins and Nodes 

Utilizes Atmel’s Unique Product Term Joining/Sharing 
Performs Logic Synthesis 


Description 

ATFIT2500 is a custom logic fitter for Data I/O’s ABEL-4 PLD design system which supports 
both the ATV750 and the ATV2500 PLDs. FIT2500 was written by Data I/O with Atmel’s 
cooperation and approval. This fitter will work with Atmel-ABEL-4, the special version of 
ABEL-4 available from Atmel which supports only the ATV750, ATV2500, ATV5000, 
ATV5100 and H-Series complex PLDs. 

The fitter performs pin/node signal assignment, performs macrocell option selection, takes 
advantage of Atmel’s shared product term architecture where possible, and maximizes re- 
source utilization. This allows a user to do device-independent design and still get maximum 
utilization for Atmel’s ATV750 and ATV2500 PLD without needing to know all internal de- 
tails of the device. 

Pin/node assignments may be made by the user, assigned by the fitter, or a combination of 
both. Optionally, all pin/node assignments can be ignored and the fitter will attempt to fit the 
design into the target device automatically. 


Requirements 


e ATFIT2500 requires Atmel-ABEL version 4.2 or higher running under MS-DOS, version 
3.00 or higher, with extended memory support (2 Mbyte minimum). 


Ordering Information 


Ordering Code | Description 
ATFIT2500-4 Atmel-ABEL-4 Custom Logic Fitter for ATV750 and ATV2500 


ABEL™ and MS-DOS™ may be trademarks of others. 
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Atmel-ABEL-4 
Custom 
Logic Fitter: 
ATV750 
ATV2500 
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Features 


Works with Atmel-ABEL-4 PLD Design System 
Allows Device-independent Design 

Optimizes Resource Utilization 

Assigns Signals to Pins and Nodes 

Utilizes Atmel’s Unique Product Term Joining/Sharing 
Performs Logic Synthesis 


Description 


ATFIT5000 is a custom logic fitter for Data I/O’s ABEL-4 PLD design system which supports 
both the ATV5000 and the ATV5100 PLDs. FITS000 was written by Data I/O with Atmel’s 
cooperation and approval. This fitter will work with Atmel-ABEL-4, the special version of 
ABEL-4 available from Atmel which supports only the ATV750, ATV2500, ATV5000, 
ATV5100 and H-Series complex PLDs. 

The fitter performs pin/node signal assignment, performs macrocell option selection, takes 
advantage of Atmel’s shared product term architecture where possible, and maximizes re- 
source utilization. This allows a user to do device-independent design and still get maximum 
utilization for Atmel’s ATV5000/ATV5100 PLDs without needing to know all internal details 
of the devices. 

Pin/node assignments may be made by the user, assigned by the fitter, or a combination of 
both. Optionally, all pin/node assignments can be ignored and the fitter will attempt to fit the 
design into the target device automatically. 


Requirements 


¢ ATFIT5S000 requires Atmel-ABEL version 4.2 or higher running under MS-DOS, version 
3.00 or higher, with extended memory support (2 Mbyte minimum). 


Ordering Information 


Ordering Code | Description 
ATFIT5000-4 Atmel-ABEL-4 Custom Logic Fitter for ATV5000, ATV5100 


' FIT5000 Package Together with Upgrade 
ATFITS000-UP from Atmel-ABEL 4.02 to Latest Version 


ABEL™ and MS-DOS™ may be trademarks of others. 
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Atmel-ABEL-4 
Custom 

Logic Fitter: 
ATV5000, ATV5100 
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Reduce your time to market with the fastest, easiest to use, most complete 
set of tools for programmable logic design available: Atmel-ViewPLD. This 
fully integrated system supports Atmel’ s V-Series and H-Series of complex 
PLDs. 


Benefits 


e Allows design specification with schematic entry or the ABEL hardware 
description language and accepts existing designs with JEDEC files and 
TTL logic in any arbitrary design hierarchy. 

e Allows the retargeting of older designs into new technologies, and new 
functions can be easily merged and enhanced. 

e Utilizes intelligent device fitters for automatic logic synthesis and device 
resource assignment. 

e Saves design iterations by generating accurate full VHDL timing models 
for simulating and debugging PLD designs in the system context. 

e Optimizes designs requiring multiple devices with automatic user-guided 
partitioning and device fitting. 


Integrated 
Programmable 
Logic Design 
System 


module COUNT4; 
COUNT4 device 


Q3, QZ, Qi, QB, CLK pin 
PIN ISTYPE ’ COM’ ; 


Q8 istyupe * bu 
. 96); 


COUNT. FB + 1; 
CLK; 


RST; 
FB == “HF; 


Atmel-ViewPLD is a Complete Set of Tools for 
Programmable Logic Design 


Through a partnership with Data I/O and Viewlogic Systems, Atmel has developed Atmel- 
ViewPLD, bringing together the best programmable device knowledge and fitting capabili- 
ties with the best engineering environment for schematic entry and verification. Atmel- 
ViewPLD is a complete set of tools for PLD design which will get you from concept to 
finished product faster than you ever thought possible. Atmel-ViewPLD contains every tool 
you will ever need, from schematic entry and device fitting to automatic partitioning — even 
waveform analysis and full timing simulation. 


Atmel-ViewPLD is available either as an add-on product to users with other vendor-specific 
Viewlogic front-end systems (intermediate upgrade), or as a stand-alone product offering 


unmatched capabilities and value in PLD design. 
AIMEL 7-187 


AIMEL 


ViewPLD Works From Multiple Input Formats/Sources 


All of Atmel-ViewPLD’s capabilities operate from a design 
database which is created from several sources which can be 
freely intermixed. The ABEL language can be used to easily 
specify Boolean operations, truth tables, and state machines. 
Schematics can be created using basic logic functions or TTL 


Comprehensive Device Support 


Atmel-ViewPLD offers complete support for Atmel’s two fam- 
ilies of high density PLDs, the V-Series and the H-Series. The 
V-Series, designed for high density timing and control app- 
lications, includes the ATV750/L, ATV2500H/L, ATV5000/L 
and ATV5100/L. The H-Series, designed for high speed inter- 
face and decoding applications, includes the ATH3000/L, 
ATH4000/L, ATH4500/L, and ATHS500/L. Atmel-ViewPLD 
automatically produces optimized JEDEC files for each PLD 
created with are ready to be downloaded to device program- 
mers. 


Design Flow 


Figure 1 shows the basic design flow for Atmel-ViewPLD. 
ABEL source files can be processed directly using the basic 
technology supplied by Data I/O, or Viewlogic’s ViewDraw 
tool may be used to enter hierarchical designs. These designs 


Figure 1. Atmel-ViewPLD Design Flow Diagram 


macro functions, and existing PLD designs in JEDEC format 
can be used as well. Once the design database is created, Atmel- 
ViewPLD can automatically produce a schematic of the design 
for use in system schematics for functional simulation before 
any implementation is started. 


Although JEDEC file generation and timing modeling is limited 
to the Atmel devices, JEDEC file design input into the design 
database is accepted for any PLD device supported by ABEL, 
including all PAL and GAL devices. 


Atmel-ViewPLD includes device fitters for all supported de- 
vices. These fitters, developed by Data I/O with Atmel’s support 
and cooperation, perform logic synthesis and device resource 
assignment automatically, allowing efficient designs to be cre- 
ated with minimum effort. 


may have blocks that originate as ABEL files, JEDEC files, or 
schematic input using either logic primitives or any of the com- 
prehensive set of TTL macro functions included with Atmel- 
ViewPLD. 


ABEL HDL 
EDIT CONVERT COMPILE JEDEC 
SCHEMATIC SCHEMATIC NETLIST TO ABEL HDL FILE 
(VIEWDRAW) ABEL HDL TO JEDEC PROGRAMMER 
JEDEC FILE 
(ANY PLD) 
SIMULATE MODEL 
(VIEWSIM & VHDL FROM 
FUNCTIONAL VIEWWAVE) TIMING JEDEC 
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Atmel-ViewPLD Offers Interactive Partitioning 


The design database can be automatically partitioned into mul- 
tiple PLDs. Using ViewDraw, Viewlogic’s schematic capture 
tool, constraints are specified graphically, such as device pin 
sizes, signal grouping, and register and pin spares. 

After partitioning, schematic symbols are automatically created 
for the devices and the partitioned schematic is automatically 


VHDL Models Automatically Generated 


Once the design has been fitted into the PLD(s), Atmel- 
ViewPLD generates simulation models for each PLD in VHDL 
for design verification. These models can be used with the auto- 
matically generated schematic interconnecting the PLD(s) to 
perform full timing simulation at the system level using 
ViewSim and ViewWave, Viewlogic’s full function simulator 


Ordering Information 


ATVIEWPLD-INT 


ABEL and ViewPLD may be trademarks of others. 


Ordering Code Description 
ATVIEWPLD-4 Atmel-ViewPLD-4 Stand-Alone System (Includes One Year Maintenance) 


Atmel-ViewPLD-4 Intermediate Upgrade 


ATVIEWPLD-MAINT | Atmel-ViewPLD Maintenance (One Year) 


ATABEL-2VIEW Atmel-ABEL-4 to Atmel-ViewPLD Upgrade Kit 
(requires previous purchase of Atmel-ABEL-4 and all fitters before purchasing upgrade kit) 


drawn. This can then be used to add additional constraints and 
iterate the partitioning process. Once partitioning is completed, 
each partition is then "fitted" into the best device as controlled 
by the designer. 


and graphic waveform analyzer. ViewSim and ViewWave are 
included as a part of Atmel-ViewPLD. 

Functional VHDL models can also be produced for use in mi- 
grating a design to ASIC technology using the optional 
ViewSynthesis and ViewRetargeter tools. 
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CMOS EPLD 


Software Support Information 


Software Versions 
Software AT22V10 ATV750 ATV2500 ATV5000 ATV5100 
Logical 
Devices CUPL™ 2.0 2.15b 3.2A 4.3 


CMOS EPLD 
Programming 
Hardware 
and Software 
Support 


ISDATA LOG/iC 
Atmel-ABEL™ 


ViewPLD 
Atmel-ViewPLD 


ViewLogic 
WorkView 4.1.2 
ViewPLD 


Minc PLDesigner 1s 


Notes: 1. Qualification in progress during printing of data book. Please call Atmel EPLD 
Hotline at (408) 436-4333 for updated information. 
2. Supported in Minc PLDesigner - XL product only. 


Programming Software Companies 


ACCEL Technologies, Inc. Logical Devices (CUPL™) 

6825 Flanders Drive 692 S. Military Trail 

San Diego, CA 92121 Deerfield Beach, Florida 33442 

(800) 433-7801 (305) 428-6868 

Data I/O Corporation (ABEL™) Minc, Inc. 

10525 Willows Rd. N.E. 6755 Earl Drive 

P.O. Box 97046 Colorado Springs, CO 80918 

Redmond, WA 98073-9746 (719) 590-1155 

(206) 881-6444 

(800) 247-5700 Viewlogic Systems, Inc. 
293 Boston Road West 

ISDATA Gmbh (LOG/IC) Marlboro, MA 01752 

Haid-und-New- Str. 7 (508) 480-0881 

D-7500 Karlsruhe 1 

West Germany 

0721 / 69309 


US:(510) 531-8553 
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New Programmer Support Information 


Programmer Versions 


AT22LV10 
AT22V10 AT22LVi0L AT22V10B ATV750 ATV2500 ATV5000 ATV5100 ATH3000 


9.72 9.71 


Advin Systems Sailor-PAL 


Pilot-U40 10.05 10.05 10.05 
Piolt-U84 
BP PLD1100 
(at 15 ns) ; 
1.07 1.07 1.07 1.07 1.07 


Data I/O 


1.7 4.0 4.1 2.2 2.45 3.4 3.9 3.9 


4 04 
6 06 
1 

1 


0 
1 
1 
1 


Unisite 48 


DIP Module 
303A011A 


PLCC Module 


4 1.5 1.6 3 1.4 1.4 1.4 1.4 


1.0 2.0 2.2 1.0 1.4 
Logical AllPro40 1.49C 1.48C 1.49C 
sidan AllPro88 2.00D 2.000  2.00D 


Owen AP-II 1.73A 
PistoHl PET100 PP61 PP61 PP62 


SMS Sprint Plus 3.2H 3.2H 


Sprint Expert 3.2K 3.253 3.2J3 
Stag ZL30A 30A26 30A30 
System SGUP-85 ee 3.1 


anata! TURPRO-1 1.22 1.22 1.22 1.60') 


Notes: 1. No vectors. 2. Versions 12.0 through 13.01 don’t work for ATV750. 
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Programming Hardware Companies 


Advin Systems, Inc. 
1050-L East Duane Ave. 
Sunnyvale, CA 94086 
(408) 243-7000 


BP Microsystems 
10681 Haddington #190 
Houston, TX 77043 
(713) 461-9430 


CEIBO 

Merkazim Building 
1 Maskit St. 

P.O. Box 2106 
Herzelia 46120 
Israel 

(972) 52-555387 
US: (617) 863-9927 


Data I/O Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 

Redmond, WA 98073-9746 
(206) 881-6444 

(800) 247-5700 


Elan Digital Systems Ltd. 


Elan House 

Little Park Farm Road 
Segensworth West 
Fareham, Hants 

U.K. PO15-5SJ 
(0489) 579799 


Inlab / ProLogic 
2150 IW 6th Ave 
Broomfield, CO 80020 
(800) 237-6759 


Logical Devices 

1201 N.W. 65 Place 

Ft. Lauderdale, FL 33309 
(305) 974-0967 

(800) 331-7766 


Micropross 

5 Rue Denis Papin 

59650 Villeneuve D’ Ascq 
France 

(011) 33204-79040 


Owen 

Ringstr. 11 
Postfach 1104 
D-6798 Kusel 
Germany 

(011) 49-6381-5085 


SMS SPRINT 
international 

PO Box 3159 

Redmond, WA 98052-3159 
US: (206) 883-8447 


Stag Microsystems 
1600 Wyatt Dr. 
Santa Clara, CA 95054 
(408) 988-1118 


System General 

510 S. Park Victoria Drive 
Milipitas, CA 95035 
(408) 263-6667 

Tiawan: (886) 2-9173005 
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Using Programmable Logic Devices 


Introduction 
This application note covers three areas: 


e@ Where and why do I use Programmable 
Logic Devices (PLDs)? 


e How dol use PLDs? 


e Software and hardware support for 
Atmel PLDs. 


Where 


Do | Use PLDs? 


Any digital logic design can be done using 
PLDs. If you normally begin your design by: 


e Using AND and OR functions 

e Thinking of 7400 series components 

e Using truth tables, or 

e State diagrams 

you are already on the path to using PLDs. 


Designing a microprocessor based system, 
with memory and I/O? How about all that 
“glue” logic you use to interface with the 
bus, provide chip selects, and any unusual 
signals required by special chips? Most of 
these functions are currently done with 7400 
series TTL. How about using a PLD in- 
stead? 


Designing a stand-alone PC board which 
uses a State machine to control multiple out- 
put signals? Using latches to synchronize 
signals? Using counters to divide down mas- 
ter clock frequencies? Converting parallel- 
to-serial and back again? All of these func- 
tions fit easily in modern PLDs. Most any- 
thing found in your TTL Databook can be 
replaced with your own, PERSONALIZED, 
programmable logic device. 


PLD Applications 
Glue Logic 

State Machines 
Synchronization 
Decoders 
Counters 

Bus Interfaces 
Parallel-to-Serial 
Serial-to-Parallel 
Subsystems 

and Many Others 


Why PLDs? 

Maybe you have already heard all the won- 
derful reasons for using PLDs. Well, they’re 
true! First, let’s review some of the more 
important ones: 


e Increased Integration. You can reduce 
the package count of your designs while 
simultaneously increasing the features 
offered by your product. 


e Lower Power. CMOS and fewer pack- 
ages combine to reduce power consump- 
tion. 


e Improved Reliability. Lower power 
plus fewer interconnections and pack- 
ages translate into greatly improved sys- 
tem reliability. 


e Lower Cost. PLDs reduce inventory 
costs, too. 


e Easier To Use! Yes, believe it or not, 
once you get past the initial learning pe- 
riod, PLDs are easier to use than discrete 
logic functions. 


e Easier to Change. Oops! Need to make 
a change? You won’t need “blue wire” 
when you use a PLD— all changes are 
internal, and can be done quickly. ECNs 
are a snap— and system reliability is 
maintained! 
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Let’s Get Started! 

Figure 1 describes the PLD design process. After having read 
the first part of this application note, you now have the perfect 
application for a PLD, right? So here you go! 


How do you translate your idea into a working prototype? First, 
you need a computer with an editor of some kind. If you have a 
workstation with a schematic editor, you may input your design 
using familiar logic blocks. Otherwise, a line or full screen text 
editor, used in the non-document mode will do. An example of 
an ABEL™ text file is on the next page. 


Next, turn the logic compiler loose on your design. First it will 
check for typographical errors and any inconsistencies in your 
specification. Most compilers then attempt to reduce your logic 
using standard logic reduction theory. Then, a simulator will 
check the test vectors you input, comparing your logic descrip- 
tion against the predicted responses. This is an excellent way to 
verify your design. Check with the appropriate software manu- 
als for more information. 


At the end of the compilation process, a JEDEC file is output. 
This file is a standard format accepted by most programming 
hardware. Next download this file to your chosen programmer. 


At this point you are ready to “build” your prototype. Make 
sure the programmer has the correct information to program the 
device you have chosen (an Atmel PLD, of course), plug in your 
device, and go! Most programmers will even functionally test 
your prototype for you if you include test vectors in your JEDEC 
file. 


Take your configured PLD, and plug it into your system. If you 
find any errors, just use your editor to make the necessary 
changes, and repeat the process. It’s easy! 


Example Design 

The following design is a simple example using ABEL™ to pro- 
cess the logic description file and an AT22V10 as the target de- 
vice. The equations are on the next page, and are a direct repro- 
duction of the actual ABEL input file. 


Each of the three allowable input formats are shown. A truth 
table is used to describe a simple 2-to-4 decoder, as is often used 
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to decode chip selects in a microprocessor system. Next, the 
state machine format is used to describe a divide-by-4 counter. 
And finally, Boolean equations are used to describe some ran- 
dom logic. 


Note the test vectors used to test the device. The “c” nomencla- 
ture means that this pin has a low to high to low series of tran- 
sitions for this vector. Each time this happens, the counter 
should increment. Also note that the counter starts in the reset 
condition, which is both outputs “1” for an active low output. 


Now you're ready to go - Have fun! 


Figure 1. PLD Design Process 


Schematic 
Editor 


Note: 1. Examples of compilers are ABEL™, CUPL™, and 
LOGAC. Each of these products contains modules 
which allow simulation of your design. They also 
minimize your logic equations, which gives you flexi- 
bility in describing your design. 
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Example ABEL™ Description File 


module X3 flag’-r3’; 
title ’Example using 22V10 - KHG 1/6/88’; 
X310 device ’P22V10’'; 


Clk,A12,A13 pin LeZyp or 

CEO, CE1,CE2,CE3 pin 20,21; 22; 25% 
G1,02,CarOut pin 17,18, 143 
CarEn,A,5,C,D pin 6,7,8,9,10% 
Out1, Out2 pin 15,16; 

X,2,¢ = < she ¢ wOe y «Ged 

"Counter States 

Statel = “*b00; State2 = “b01; 
State3 “b10; State4 “bl 13 


"The following truth table defines the 2 to 4 decoder, which decodes 


" A13 and Al2 into CEO, CE1, CE2, and CE3. 
truth table ([(A13,A12] -> [CEO,CE1,CE2,CE3]) 
[0, Bj] <-> { 0, dy t, 1 de 

if, 2 i => fay OG, db, b&b Is 

[1, 0] -> [{1, 1, 0, 1 ]; 

fil» Lt ] => {d, dy 2, O Ts 

"The following state description defines the divide by 4 counter 
state diagram [Q2,Q1] 

State Statel: GOTO State2; 

State State2: GOTO State3; 

State State3: GOTO State4; 

State State4: GOTO Statel; 


The following equations are general in nature to illustrate Boolean input 


" format. The CarOut equation uses state 4 above to produce a carry. 
Equations 

CarOut= Q2 & Q1 & CarEn; "& = AND 

Outl = A& B+ C& D; “+ = OR, AND takes precedence 

Out2 = A& C+ BE D; 


"The following are the appropriate test vectors 
test vectors 


({Clk, CarEn, A1l3,Al12, A, B, C, D]- > [CE0,CE1,CE2,CE3,Q2,Q1,CarOut, Outl1, Out2]); 
[ &, O, OB, 0, GO, O, OB, 0 ] = > £ B,. 1, &, 2, & dye 5, GO, O Iz 

[i ¢, 0 &, 2, Ly LL, 8 O 1 ~ > £ hy Oy Ly dy OG Of Gy de O Ts 

[«, 0, 1, 0, 1, 0, 1, O J —- > [ 1, 1, 0, 1, 0, 1, 0, 0, 1 Je 

fe, 0, 2, 1, GO; OG, ly L J = @ £ ly dy de Oy Ty Oy OF Ty OB D3 

[ «, 0, 0, 0, 0, 1, OF 1 J] => £ Oy I, dae Be ds Te Gy BO, 1 I? 

[ 0, 1d, 0, ly dy 2p de 2 J = > CT dy OF dy 4, Ly dy dy, 2, 1 J 

end X3; 
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Selecting Decoupling Capacitors 
For Atmel’s EPLDs 


introduction 

This application note provides a summary of 
information needed when selecting decou- 
pling capacitors for Atmel Programmable 
Logic Devices. A 0.22-u.F, multi-layer ce- 
ramic or plastic dielectric capacitor is rec- 
ommended for such use. Either surface- 
mount (SMD) or radial-leaded devices 
should be used. Because of their high para- 
sitic resistance and/or inductance, tantalum, 
aluminum electrolytic, and axially leaded 
Capacitors are not recommended. 


When is a Capacitor 

Not a Capacitor 

Unfortunately, capacitors are not the perfect 
charge storage devices we would like them 
to be. Their lead wires and internal construc- 
tion create parasitic resistance and induc- 
tance in series with the capacitance. These 
parasitics are usually referred to as ESR 
(equivalent series resistance) and ESL 
(equivalent series inductance), respectively. 
As will be shown, these parasitics can seri- 
ously reduce the ability of many types of ca- 
pacitors to decouple supply noise in high- 
speed systems. Table 1 gives typical ESR 
and ESL values for various types of 
capacitors. 


As shown, ESR values range from 0.01 ohm 
to as high as 9 ohms. ESL varies from 2 nH 
for typical surface mount devices to 20 nH 
for electrolytic capacitors. These numbers 
are typical values, taken from data from sev- 
eral manufacturers. As expected, there is 
some variation between manufacturers. 
Also, worst case specification values will be 
significantly higher, especially for ESR 
values. 


How ESR and ESL can Affect 
High Speed Operation 

The effects of these parasitics may be best 
illustrated by a simple example. Consider 
the case of a 22V10L. In the standby mode, 
Icc current is typically only 5 mA. When an 
input switches, Icc may temporarily go as 
high as 100 mA. This increase in current 
draws charge from the local decoupling ca- 
pacitor. This capacitor current will create 
voltage drops across the ESR and ESL para- 
sitic elements. To see how these voltage 
drops can cause problems in a system, look 
at a typical decoupling application. 


In this example the design goal of the capac- 
itor is to keep local supply noise below 0.2 
volts, a reasonable expectation. This im- 
mediately sets an upper limit on ESR of 2 
ohms. 


ESRmax = Vnoise / Imax 
Imax= Highest Expected Capacitor Current 


The upper limit on ESL is determined by 
how quickly the capacitor’s current must 
change, as well as how much supply noise 
will be tolerated during that change. For 
high-speed logic devices, Icc must be able to 
switch from standby to active levels within 
2 to 3 nanoseconds. 


ESL max = Vnoise «Imax / At; 
At = Time allowed for capacitor current to switch 


In this example, an upper limit on ESL of 4 
to 6 nH is set. 


Consider what can happen if these limits are 
exceeded. If an axially leaded multi-layer 
ceramic capacitor with ESR of 0.15 ohm is 
used, the resistance drop in our application 
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will not be significant (100 mA X .15 Ohm = 15 mV). However, 
the inductance will not allow the current to reach 100 mA in 6 
nanoseconds. This can slow the logic device switching by sev- 
eral nanoseconds. 


What Types to Use: Multi-layered 

Ceramic and Plastic Dielectrics 

From this example, it is apparent that the parasitic elements on 
capacitors can easily limit their decoupling ability. Therefore, 
users of high-speed logic need to pick their capacitors with care. 
The data in Table 1 shows that the best bets are surface-mount, 


multi-layered ceramic (MLC) or plastic dielectrics. Of the © 


leaded devices, only radial types are recommended. 


Within the MLCs, there are different classes of dielectric. Class 
I has the best characteristics, but its small dielectric constant 
makes it impractical for decoupling values. Class II is highly 
recommended, as it has good temperature stability (percent 
variation -55°C to 125°C) and aging characteristics (10 percent 
in ten years). Class III, on the other hand, drops to less than 50 
percent of its rated capacitance at 85°C, and to only 25 percent 
at -55°C. Class III dielectric also loses 20 percent of its rated 
value in ten years. Therefore, Class III MLCs are only recom- 
mended for applications where temperature excursions are min- 
imal.. 


Plastic dielectric capacitors in general offer performance as 
good as Class II MLCs. Among the dielectrics available today 
are polypropylene, polyester, polycarbonate, polystyrene and 
teflon. Capacitance variation with temperature depends on the 
particular material, but is generally less than +20 percent from 
-55°C to 125°C. Aging is minimal, usually less than 2 percent in 
10 years. Unfortunately, not many manufacturers make surface- 
mount plastic dielectric capacitors. That should change soon, as 
surface-mount technology advances and becomes more com- 
mon. 


When using radial leaded cases, be sure to minimize lead 
lengths, as ESL increases quickly with longer leads. For exam- 
ple, if a capacitor has 6 nH of inductance with 2 mm leads, ex- 
tending leads to 5 mm will increase ESL to 10 nH. 


What Types Not to Use: 

Aluminum Electrolytic, Tantalum, and 
Anything Axial 

The design example above together with the numbers given in 
Table 1 show that some types are not suitable at all for decou- 
pling high-speed devices. Specifically, the high inductance of 
axially leaded capacitors puts them on the “don’t use” list. Also, 
tantalum and aluminum electrolytic devices are generally not 
recommended, as they have high ESR and/or ESL, even in ra- 
dial and surface-mount configurations. 
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In Any Case, 


Know Your ESL and ESR 

ESR data is often found in catalogs. However, this will nor- 
mally be only low-frequency data, and ESR is frequency depen- 
dent (dropping at higher f). ESL data is not usually given in 
catalogs. The best thing to do is get Z versus frequency data 
from the manufacturer. From such a graph (with frequency up 
to at least 10 MHz), you can extract high frequency ESR and 
ESL. 


How Much Capacitance Do You Need 

For decoupling Atmel’s EPLDs a 0.22-uF capacitor is recom- 
mended. In many cases, this will be overkill. However, deter- 
mining how much less you could get by with for a particular 
application is dependent upon several factors. The number of 
PC board supply planes, the board’s dielectric thickness and di- 
electric constant, the value (and ESR and ESL!) of power entry 
decoupling capacitors, among other things, will determine just 
how much is really needed. The best bet is to use a good 0.22- 
iF and be safe. Besides, the more decoupling is taken care of by 
local capacitors, the lower the board’s HF emissions will be. 


Summary 

Choosing the right decoupling capacitor is an important part of 
high-speed circuit design. Choosing the wrong one can intro- 
duce supply noise that can slow down signal switching or even 
end up giving incorrect data. For decoupling Atmel EPLDs, 
0.22-F capacitors are recommended. These should be of either 
multi-layer ceramic or plastic dielectric type. Surface-mount 
devices are best, with radial leaded cases also being acceptable. 
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Table 1. Capacitor Types and Recommendation Ratings 


Dielectric L (nH,typ) R (ohm,typ) Rating Comments 
SMD E Highly recommended 
Ceramic Il Radial G Keep leads short 
Axial iS Axial always = Higher L 
SMD G C loss hot/cold/old 
Ceramic Ill Radial iS 
Axial X 
SMD E Hard to find 
Plastics Radial G Get R and L data 
Axial X 
SMD X Forget it 
Aluminum 
Electrolytic Radial Xx 
Axial X 
X 
Tantalum x 
X 
Ratings code: 
E Excellent; highly recommended 
G Good; will perform well in most applications 
S Satisfactory; be aware of specific vendor’s device performance 
X Not recommended 


Axial 
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Using a Programmable Logic Device 
As a System Controller 
In an I/O Bus Based System“ 


Summary 

As Programmable Logic Devices (PLDs) 
become more complex, the amount of logic 
that can be placed in one device is rapidly 
increasing. Complete controllers and sub- 
systems now fit into one or two PLDs. As a 
result, the PLD may now be connected di- 
rectly to the system bus as an independent 
peripheral. First generation PAL® devices 
are difficult to use in these applications. 
However, recent innovations in PLD archi- 
tecture enable them to be easily designed 
into bus-based systems. 


PLD Evolution 

The driving force behind PLD usage has 
been to integrate as much of the Small Scale 
Integration (SSI) logic on a packed PC 
board as possible. The first level of integra- 
tion was made possible by the invention of 
the PAL device. First generation products 
were usually in 20-pin packages with a typ- 


Note: 


ical device having nine dedicated inputs and 
eight dedicated outputs. One input pin was a 
dedicated output enable, and one pin a dedi- 
cated, common clock for up to eight flip- 
flops. Making one of these devices work on 
an I/O bus was difficult and typically was 
used as little more than a simple latch. 


In the mid-eighties, second generation de- 
vices appeared. These PLDs are generally in 
24 or more pins, have independent output 
enable controls and output macrocells. The 
macrocells allow the designer to configure 
each output independently as registered or 
combinatorial. However, there are still too 
few registers in these devices to allow the 
design of complex state machines. Also, 
these circuits lack independent feedback 
paths, which further reduce the usable num- 
ber of registers. This also complicates the 
use of the output pins as true I/O structures. 


1. This article originally appeared in Northcon ’86 


®PAL is the registered trademark of Monolithic Memories 
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Recently several third generation devices (such as the Atmel 
ATV750) have appeared. These devices are differentiated by 
the following features: 


e Extra Registers 
Up to twice the usual number. The ATV750 has 20 flip-flops. 


¢ Independent Feedbacks 

Feedback paths for the registers are independent of the output 
configuration. In addition, there are separate input paths from 
the I/O pads. 


e Asynchronous Clocks 
Product terms for each flip-flop’s clock allows the designer to 
break up the registers into different functional blocks. 


Control function outputs that have no other use than to manage 
the other resources inside the PLD need not be brought outside 
the device, allowing implementation of complex state machines 
internally. 


As PLDs have evolved, so have the applications for them, Ini- 
tially, PLDs could only integrate a few SSI functions. A typical 
application was a special-purpose decoder or encoder. With the 
introduction of more flip-flops, Medium Scale Integration 
(MSI) functions such as state machines could be designed. 
Third generation devices are the first true Large Scale Integra- 
tion (LSI) devices, and are capable of integrating several of the 
previous generation devices into one package. Now state ma- 
chines can be combined with an output decoder to control pe- 
ripheral functions, and still have adequate resources to interface 
directly to the microprocessor. 


EPLD EVOLUTION 
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DEVICES 


2ND GENERATION 
EPLDs 
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System Application 

The following example is an application of the Atmel ATV750 
as a peripheral resource controller. The design required a state 
machine, a bus interface unit and a peripheral control interface. 
All ten outputs of the ATV750 are used, most in the combina- 
torial mode. However, the 17 required flip-flops were still 
available to latch the address and data buses, provide a status 
register, and a two-bit counter. This design would require three 
second generation, 24-pin PLDs, or five first generation 20-pin 
devices and at least two other discrete devices. In all, more than 
80 percent of the ATV750 is utilized. The number of gates 
alone integrated into the ATV7SO in this application is more 
than other 24-pin PLD’s have to offer. 


¢ The System 

The system described is a peripheral controller/bus interface for 
connecting a special-purpose, custom encryption / exponentia- 
tion chip to an 80186 microprocessor (Figure 1). The custom 
chip has a serial interface, and only one bi-directional pin to 
indicate its "busy" status. All chip functions are controlled with 
a set of single-purpose input pins. While simple, this interface 
is not directly compatible with a modern microprocessor, such 
as the 80186. The PLD system described not only combines the 
required glue logic, but also off-loads the parallel-to-serial con- 
version from the processor. This application note will only 
touch on the salient features of the design, and why a third gen- 
eration device is so useful. 


APPLICATION EVOLUTION 


SSI 
DECODERS 
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MACHINES 


STATE MACHINES + 
DECODERS + I/O +... 
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Figure 1. System Diagram 


¢ The Microprocessor Bus 

The 80186 uses a multiplexed address and data bus. Several 
control signals, such as ALE, RD and WR tell the system when 
to get what type of data from the bus. The 80186 also has some 
internally decoded chip selects, and one is used here for conve- 
nience. The system clock is an 8-MHz signal, which is appro- 
priate for the encryption chip and well within this PLD’s timing 
specification. The lower four bits of the address are latched into 
the PLD to define the upcoming operation, which then allows 
the PLD to output the requested data in one read cycle of the 
microprocessor. These address bits are decoded to define the 
instruction to be executed by the PLD subsystem. 


¢ Tackling the I/O Bus 

Using first and second generation PLDs, the equations for the 
I/O bus interface are shown in Figure 2. These equations con- 
sume twelve sum terms, eight flip-flops, and twelve output pins. 
Since this requires two PLDs, another ten input pins are re- 
quired as well. When rewritten for the ATV750, only four 
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macrocells are required, and eight sum terms and flip-flops. No 
extra inputs are required, as the ATV750’s I/Os are true 
input/output pins. 

The equations for the ATV750 are in Figure 3. This compaction 
is possible for three reasons: 


1. The individual product terms for OE permit the pin to be 
used as both an input and output. 


2. The three feedback paths allow both registers to be used 
while the pin status is still available to the array. 


3. The product term for the flip-flop clock means that the sum 
term for one of the flip-flops can be shared between the D input 
and the output pin. A single ATV750 macrocell can incorporate 
logic which would require up to three output pins and one input 
pin in other PLDs. 
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Figure 2. 
adQO = adpO0 & !pces & !rd & ai0 & !ai2 "output data 
# !pc0 & !pces & !rd & !aid & !ai2 "status " 
a yst & !pes & !rd & !aid & !ai2; " status unly 
adl = adpl & !pes & !rd & ai0 & !ai2 "output data 
e 'pel & 'pes & !rd & !ai0 & !ai2; " status " 
ad2 = adp2 & !pcs & !rd & ai0 & !ai2 "output data 
# xst & !pces & !rd & !ai0 & !ai2 "status " 
# !pcO0 & !pces & !rd & !aid & !ai2 “ statue ™ 
s 'pcel & !pes & !rd & !ai0 & !ai2; "status " 
ad3 = adp3 & !pes & !rd & aid & !ai2 "output data 
* startqb & !pcs & !rd & !ai0 & !ai2; "status " 
adpO0O := ad0 & !pces & !wr "load data 
= pdout & !ystb "circulate y" 
® pdout & !xstb " circulate x" 
8 pdout & !pcs0 "circulate load" 
# pdout & !pcsl "circulate load" 
4 adpO & ystb & xstb & pcsO & pcsl & pcs "hold data" 
t adp0 & ystb & xstb & pesO & pcsl & wr; "hold data" 
adpl := adl& !pces & !wr "load data 
® adp0O & !ystb "circulate y" 
= adpO & !xstb " circulate x" 
Fa adp0 & !pcs0 "circulate load" 
# adp0O & !pcsl "circulate load" 
# adpl & ystb & xstb & pcs0O & pcsl & pcs " hold data" 
4 adpl & ystb & xstb & pcsO & pcsl & wr; "hold data" 
adp2 := ad2& !pes & !wr "load data 
e adpl & !ystb "circulate y" 
# adpl & !xstb " circulate x" 
* adpl & !pcs0 " circulate load" 
2 adpl & !pcsl " circulate load" 
e adp2 & ystb & xstb & pesO & pesl & pes "hold data" 
4 adp2 & ystb & xstb & pcs0O & pcsl & wr; "hold data" 
adp3 := ad3 & !pes & !wr "load data 
# adp2 & !ystb "circulate y" 
x adp2 & !xstb " eireulate x" 
# adp2 & !pcs0 "circulate load" 
= adp2 & !pcsl "circulate load" 
» adp3 & ystb & xstb & pcsO & pcsl & pcs "hold data" 
* adp3 & ystb & xstb & pcs0O & pcsl & wr; "hold data" 
ai0 := ad0O & pcs "idle state " 
2 adO & ale " idle state " 
# ai0 & !pes & !ale; "hold instruction" 
ail := adl & pes "idle state " 
# adl & ale " idle state " 
2 ail & !pes & !ale; "hold instruction" 
ai2 := ad2 & pcs "idle state " 
# ad2 & ale " idle state " 
# ai2 & !pes & !ale; "hold instruction" 
ai3 := ad3 & pcs "idle state " 
# ad3 & ale "idle state " 
* ai3 & !pes & !ale; "hold instruction" 
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Figure 3. 
ai0d.ck = clk2 & !ale; ai2.ck = clk2 & !ale; “clock instruction 
ail Jck = clk2 & !ale; ai3.ck = clk2 & tale; “clock instruction 
aid = ad0 & !pes & ale "load instruction" 
z adp0 & !pcs & !rd & aid & !ai2 “output data 
* !pc0 & !pces & !rd & !aid & !ai2 "statue, * 
e yst & !pes & !rd & !ai0 & !ai2 "status unly 
ail = adl & !pcs & ale “load instruction" 
# adpl & !pes & !rd & aiO & !ai2 "output data 
+ !pel & !pes & !rd & !ai0d & !ai2; "status " 
ai2 = ad2 & !pes & ale “load instruction" 
# adp2 & !pces & !rd & ai0 & !ai2 “output data 
* xst & !pes & !rd & !ai0 & !ai2 "status " 
# !pc0 & !pes & !rd & !aid & !ai2 "status " 
e 'pel & !pes & !rd & !ai0d & !ai2; “status " 
ai3 = ad3 & !pes & ale “load instruction" 
& adp3 & !pes & !rd & aid & !ai2 “output data 
# startqb & !pces & !rd & !ai0 & !ai2; “status " 
enable ad0 = Ipes & !rd; enable ad2 = !pes & !rd; 
enable adl = Ipcs & !rd; enable ad3 = 'pes & !rd; 


(adp equations remain the same as before, but are now buried in the macrocell) 


Figure 4. 

!pcO = 'clk22 & !pcs0; 

!pel = !clk22 & !pcsl; 

!'pcs0 >= ai2 & aid & start 
a 'cn0O & count & !pcs0 
P !'cnl & count & !pcs0 

!pesl >= ail & ai2 & start 

* 'cnO & count & !pcesl 
a 'cnl & count & !pcsl; 
8 'cnl & count & !pcsl; 
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¢ The Chip Interface 

The encryption chip is loaded and unloaded serially, four bits at 
a time in this design. The equations for the interface logic are in 
Figure 4. Also in this figure is a simple state diagram for the 
two-bit counter required for this design. This state machine is 
buried, and its decoded outputs are used to control the serial 
transfers. 


¢ Starting the Peripheral Chip 

To begin execution in the peripheral chip, a bi-directional signal 
named start is asserted. This is an active low signal. The con- 
troller must assert this signal low for four clock cycles. Then the 
exponentiation chip will hold this line low until it has com- 
pleted its operations. An external pull up resistor is required. 
The internal flip-flop, whose output is named stint, contains the 
state of the peripheral. This is used to signal the microprocessor 
that the subsystem is busy when the processor reads the 
ATV750’s status. 


¢ Multiplexing Flip-Flop Inputs and I/O Pins 

- One I/O pin/ flip-flop combination can be used to store the state 
of the encryption chip and to output this to the peripheral. This 
is accomplished by multiplexing the sum term output between 
the flip-flop’s D input and the output buffer. The sum term and 
the OE product term are active to begin the encryption chip’s 
exponentiation cycle. After the state machine counter finishes 


Mulitplexed “D” Input 


CMOS EPLD 
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counting, the output is put into the high impedance state. If the 
external chip has begun its operation correctly, it will then hold 
the pin low. Now the state of the I/O pin is used as the D input 
to the flip-flop, but not output because the OE term is off. The 
multiplexed macrocell is in Figure 7. The following simple 
equations are all that is required to implement this logic: 


enable start = !'count; 
stint := !coun 

# !start & count; 

start.c = clk2; 
Conclusion 


The application of a third generation EPLD in an I/O bus based 
system demonstrates the usefulness of the following features: 


e Buried Registers 
e Independent Feedback Paths 
e Asynchronous Register Clocks. 


This design consists of roughly 600 gates, which fit into a 
ATV750 gate complexity EPLD with an 80 percent utilization 
factor. Due to the usefulness of the new features and their im- 
plementation in the macrocell of the ATV7SO, this design, 
which would have required three second generation devices, 
could easily fit into one ATV750. 
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Using the Buried Nodes and Feedbacks 


Introduction 

Conventional EPLD I/O pin logic forces you 
to choose either a dedicated output pin or a 
dedicated input pin. This renders the output 
register unusable. Multiple feedback paths 
and individual product term controlled out- 
put enables (OEs) make the ATV750 I/O 


Registered Output 


Buried Registers 

To use the buried register outputs, they must 
have a unique name. The compilers need to 
know which register to associate with each 
signal name. Each compiler uses a different 
method for assigning node numbers to signal 
names. Table 1 shows how to assign these 
names for each compiler. Table 2 lists node 
names for each compiler. Note: Q1 need not 
be defined if QO is sharing Q1’s product 
terms. 


ABEL™, Atmel-ABEL™, CUPL™, and 
Tango-PLD: If the output is combinatorial 
or if QO shares the product terms of Q1 ina 
registered output, the Q1 node does not need 


Table 1. ATV750 Node Declaration 


pins truly bi-directional. An ATV750 I/O pin 
can be configured as a dedicated input, a 
dedicated output, or an input and output bus 
interface pin. No registers are sacrificed in 
the process. All registers can be buried. 


a name. Name Q1 nodes with the proper 
node numbers and refer to Feedback Options 
on how to access QOs and Q1s. 


LOGiC: LOGIC requires you to name the 
QO nodes if you are using the pin as an input 
and still using QO, or if you are using OE to 
make the pin an input and an output. 


PistoHI: No node numbers are necessary. 
QO nodes are named by declaring 


: nodenameO0 QO! pinname; 
Q1 nodes are named by declaring 


nodenamel Q1! pinname; 


Product Example Node Declaration Comments 


ABEL™ 
Atmel-ABEL™ 
CUPL™ 
LOGIC 
PistoHl 
TangoPLD 


node 26; 
anyname node 26; 
pinnode 25 = 
anyname = 1: 
anyname Qo! 
anyname 


anyname 


pinname; 


anyname; 


Following key word “NODE 
Use Q1! for Q1 declaration 


In PUTPART place “anyname" 
as the 25th signal 


UV Erasable 
Programmable 
Logic Device 


Application 
Note 
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Table 2. ATV750 Node Numbers 


ATV750 ABEL™ 
Pin Numbers 


ATV750 Feedbacks 

Each third party product uses a slightly different syntax for ac- 
cessing the feedback paths (refer to Table 3). Whenever the QO 
register is used and the OE term is disabled or conditionally 
disabled, care must be taken to ensure the correct feedback path 
is referred to in your equations. Version 1.11 of Tango-PLD 


Feedback Options: Registered Output 


Atmel-ABEL™ 


CUPL™ LOGIC TangoPLD 


does not support the QO feedback. This syntax may change with 
each new software revision. Please check with the specific soft- 
ware manufacturer or Atmel EPLD Applications if you are ex- 
periencing unexpected results. 


Table 3. ATV750 Feedback Paths 


ABEL™ 
Atmel-ABEL™ 
CUPL'™™ 
LOGIC 

PistoHl 
TangoPLD 


pinname.FB 
pinname.FB 


pinname 


nodenameO 
nodenameO 
no support 


ATV2500 Node Numbering 

With an additional OR, the ATV2500 logic cell becomes even 
more versatile than the ATV750 logic cell. Under certain situa- 
tions, an additional set of buried registers must be defined. The 
same syntax used for ATV750 (Table 3) can be used to name 
the ATV2500 buried registers. The node numbers are listed in 
Table 4. 


ABEL™, Atmel-ABEL™, CUPL™, and TangoPLD: QI need 
not be named when the output logic cell is configured as 8- or 
12-term combinatorial output. Q2 need not be named when out- 
put logic cell is configured as 12-product term combinatorial or 
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nodename pinname 


nodename pinname 
nodename pinname.!lO 
nodename1 pinname 


nodename1 pinname 


nodename pinname 


registered output. Name Q1 and Q2 nodes with the proper node 
numbers and refer to Feedback Options for selecting the correct 
feedback paths. 


PistoHl: No node numbers are necessary. 
Q1 nodes are named by declaring 


: nodenamel Q1! pinname; 
Q2 nodes are named by declaring 


: nodename2 Q2! pinname; 


CMOS ©) somemasmesen: cme 


CMOS EPLD 


Combinatorial Output Registered Output 


oe 
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Table 4. ATV2500 Node Numbers 


ATV2500 Atmel-ABEL™ TangoPLD 
Pin Numbers Q2 Q2 


Notes: 1. Due to the memory limitations of PC/MS DOS, 2. These same versions of ABEL™ and Atmel-ABEL™ (see 
ABEL™ PC versions 3.0 to 3.2 and Atmel-ABEL™ above) do not support the AR terms of Q2 associated with 
version 1.01 do not support the macrocells associated pin 6. 
with pin 4 and 5. These pins can only be used as 3. These same versions of ABEL™ and Atmel-ABEL™ (see 
inputs. above) do not support the Synchronous Preset of pin 6 and 7. 
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ATV2500 Feedbacks 

Each third party product uses a slightly different syntax for ac- 
cessing the feedback paths (refer to Table 5). Whenever the Q1 
register is used while the OE term is disabled or conditionally 
disabled (e.g. during read cycles), care must be taken to ensure 
the correct feedback path is used. For example, a counter can 
lose its count if you use the pin feedbacks rather than the Q1 
register feedbacks and decide to disable the OE for the read 
cycle. 


The current version of Tango_PLD cannot support the Q1 feed- 
back when the I/O pin is configured as an input (OE disabled) 
or when OE is conditionally disabled. 


This syntax may change with each new software revision. 
Please check with the specific software manufacturer or Atmel 
EPLD Applications if you experience unexpected results. 


Registered Output 


8 Product 


Terms 


4 Product 
Terms 
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Feedback Options: 
Combinatorial Output 
OE 
4 Product 
Terms 
ee C 
4 Product . 
Terms A 
4 Product B 
Table 5. ATV2500 Feedback Paths 
ABEL™ Registered pinname.FB 
Combinatorial nodename1 
CUPL™ Registered pinname 
Combinatorial nodename1 
Tango-PLD Registered no support 
Combinatorial nodename1 
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nodename2 
nodename2 
nodename2 


nodename2 


nodename2 
nodename2 


pinname 
pinname, 
pinname.lO 
pinname 
pinname 


pinname 
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Testing Non-Windowed CMOS PLDs 


Atmel’s testing of non-windowed CMOS 
PLDs is comprehensive and thorough. It is 
sufficient to guarantee programmability and 
performance. The wafer-probe test checks 
one-hundred percent of all memory elements 
for programmability. Final test of packaged 
units checks programming a second time. 
Performance testing on the Quality Test 
Array (QTA) guarantees AC test parameters. 
This data shows a high degree of correlation 
with standard array performance data. 


Introduction 

Atmel’s corporate goal is to meet or exceed 
our customers’ requirements one-hundred 
percent of the time. This means we must 
prove to ourselves that each product shipped 
will perform as specified or better. 


PLDs must meet two different device re- 
quirements: they must program as a memory 


Figure 1. Non-Windowed PLD Test Flow 
UNTESTED 
WAFERS 
WAFER PROBE 
TEST 
ASSEMBLY 
PROGRAMMING 
TEST 
SPEED TESTS 
FINAL BLANK 
TEST 


device, and they must function as a logic de- 
vice. This requires testing all devices in two 
very different ways. 


The programmable elements in Atmel’s 
CMOS PLDs are UV EPROM memory cells. 
The AND array programs like an EPROM. 
UV light cannot penetrate non-windowed 
packages (e.g., any plastic package or solid 
lid ceramic package). Erasing a non- 
windowed EPROM element is not possible. 
Any testing by Atmel before shipment can- 
not program the main AND array or the cus- 
tomer cannot enter his own pattern. 


Atmel’s test methodology guarantees our 
PLDs will program and perform to the data 
sheet, even without programming this main 
AND array. 


100% PROGRAMMING, 
THEN UV ERASE 


PROGRAMMING AND 
CONTINUITY CHECK 
ON QTA 


SPEED TEST ON QTA 


UV Erasable 
Programmable 
Logic Device 


Application 
Note 
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Figure 2. PLD Topography 


QUALITY TEST ARRAY 


INPUT 
TERMS 
(rows) 
PRODUCT TERM OUTPUTS 
(columns) 
Programming 


After wafer fabrication, the first test is wafer-probe (Figure 1). 
All PLD dice manufactured by Atmel use a similar wafer test 
program. This test programs one-hundred percent of the mem- 
ory bits used to implement the AND array in our PLDs. This 
programming algorithm is more aggressive than that im- 
plemented.by programming manufacturers. After verifying all 
bits, the wafer is then UV erased before proceeding further. 


Package assembly is next. If the packaging used does not have 
a UV translucent window, the customer is the only one who can 
program the device. Atmel must guarantee performance and 
programming by testing other EPROM cells in the device. 


These other EPROM cells are next to the main AND array. A 
discussion of the PLD AND array topography clarifies how to 
test the extra EPROM cells (Figure 2). 


Product term inputs enter the AND array from one end, and 
form the rows of the matrix. Product term outputs leave from 
the bottom— product terms form the columns of the matrix. On 
the far right of Figure 2 are the Quality Test Array product 
terms (columns). At the top of the array are the QTA input terms 
(rows). 


Even though wafer-probe tests all units’ programming, pack- 
aged units also have their QTA terms tested. Since these terms 
are physically at the ends of the inputs and outputs, this test 
checks the integrity of these lines. The test detects any shorts or 
opens on the inputs or outputs. Programming these locations 
also provides a thorough test of the programming circuitry. 


The wafer-probe test programs one-hundred percent of all loca- 
tions, and the package test checks the programming circuitry for 
continuity and programmability. 
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Performance Testing 

The logic test parameters divide into two groups: DC and AC 
test values. All of the DC test parameter tests are independent 
of the logic programmed into the device. This means that DC 
testing is the same for every PLD sold by Atmel, independent 
of the package used. 


Every different logic implementation results in different AC 
performance. Atmel measures AC performance using a “worst 
case” pattern. This pattern is slightly different in nature for each 
PLD. This pattern uses every resource available in the device. 
Outputs can be made to switch in the same direction at the same 
time. The test program applies worst case combinations of input 
term and product term patterns to the device. Atmel collects AC 
data with this pattern on each UV erasable device shipped. 


Non-erasable devices cannot use their main array for this test. 
Atmel programs a special speed test pattern into the QTA. Tests 
on this array measure all of the same AC characteristics as those 
done on erasable units. Correlations between the main array and 
the QTA follow. 


Correlation 

Three parameters measured on 26 units show a high degree of 
correlation between windowed PLD testing and non-windowed 
PLD testing. Measurements of Tco, Ts, and Tpp show little dif- 
ference between performance testing on the standard array ver- 
sus performance testing on the QTA. 


Tco (clock to output) is independent of the memory array. The 
signal path is directly from the clock input buffer to all ten flip- 
flops in the AT22V10, and then straight to the output buffer. 
The data shows a very tight distribution, and the difference in 
the two measurement techniques is within the accuracy of the 
setup (see Table 1). 


Ts (setup time) and Tpp (propagation delay) are dependent on 
the EPROM array. The data shows an excellent correlation, 
with the non-windowed test actually measuring slower than the 
windowed test. Atmel engineers carefully designed the quality 
test array to use the worst case paths for all conditions. This 
combination is not available to the user, but guarantees that the 
QTA speed path will be slower than the user’s speed path (see 
Table 2). 


Summary 

Atmel thoroughly tests all CMOS PLDs independent of the 
package used. Programming tests check one-hundred percent of 
the memory elements on all units shipped. Performance testing 
on the Quality Test Array measures all AC test parameters with 
“worse than” worse case conditions. Data taken with both the 
non-windowed and the windowed performance tests 
demonstrates that the non-windowed test is accurate and has 
extra guardband. Customers can feel confident that Atmel’s 
PLDs meet their performance criteria independent of the pack- 
age chosen. 
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Table 1. Tco Performance Testing Comparison 


Parameter Tco 
Test Non-Window Delta 


Average 8.68 ns +0.23 ns 
Std. Dev. 0.15 ns 0.06 ns 


Table 2. Ts and Tpp Performance Testing Comparison 


Parameter Ts Ts Tpp Tpp 
Test Window Non-Window Delta Window Non-Window Delta 


Average 6.80 ns 6.97 ns -0.17 ns 13.92 ns 14.17 ns 
Std. Dev. 0.09 ns 0.11 ns 0.09 ns 0.25 ns 0.25 ns 
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Designing with the Atmel-ViewPLD 
Development Tool 


Like the Atmel-ABEL™ software, the 
Atmel-ViewPLD development tool uses a 
popular industry-standard CAE develop- 
ment system. The development tool in- 
tegrates the Viewlogic Workview software 
as the design environment with Data I/O’s 
back-end technology of device fitting and 
fusemapping. With this development tool, a 
designer can use schematic capture and/or 
the ABEL™ Hardware Description Lan- 
guage (ABEL HDL) to functionally 
describe his or her design requirements. 
Additionally, the development tool also al- 
lows the designer’s previous PLD designs 
in the form of JEDEC files to be read and 
modelled so that the schematic repre- 
sentations of the designs can be generated. 


In this application note, the Atmel- 
ViewPLD features developed specifically 
for Atmel EPLDs are discussed. Also in- 
cluded are the design hints which allow 
your designs to be efficiently fitted into 
your favorite Atmel EPLD, and the 
Schematic-to-JEDEC and ABEL-to-JEDEC 
compilation process flows. Below is a listing 
of the topics covered in this application note: 


* The Atmel-ViewPLD Menu Commands 
“Schematic — JEDEC,” “ABEL > 
JEDEC,” and “Prep WIR (Device)” 

* The DIO and DSTD symbols 


* Using the IN.1 and OUT.1 symbols for 
your design input and output pins 

* Setting your input signal to a constant 
logic level 

* Applying the D_LATCH.1 and 
IN_LATCH.1 symbols for _ the 
ATV5000 or ATV5100 devices 


* What to do with the unused pins of a 
DSTD symbol 


* Creating a Viewdraw schematic from 
an ABEL™ or a JEDEC file 


¢ Simulating your design using worst- 
case timing values 


For your reference, the DIO primitive and 
DSTD symbols are listed at the end of this 
application note. 


The Atmel-ViewPLD Menu 
Commands 
“Schematic — JEDEC,” “ABEL > 


JEDEC,” and “Prep WIR (Device)” 
These commands are set up so a device- 
independent design can be optimized by 
taking into account the architecture of a 
specific Atmel EPLD selected by the desig- 
ner. In short, the design optimization proce- 
dure enables a more efficient device fitting 
process to be performed. Using menu com- 
mands such as the “Schematic — JEDEC” 
and “ABEL — JEDEC” commands, a desig- 
ner can create the JEDEC files for his or her 
designs with a single click of the mouse but- 
ton. 


Like many ViewPLD menu commands in 
the WORK VIEW design environment, the 
“Schematic + JEDEC,” “ABEL — JEDEC,” 
and “Prep WIR (Device)” commands ex- 
ecute the WORK VIEW macros (refer to the 
“Workview Reference” section in Volume 
1 of your WORKVIEW manual), which in 
turn run one or more executable files 
(.EXE) to generate some type of output 
files. For instance, if you select the 
“Schematic — JEDEC” menu command for 
P2500 (ATV2500 DIP), the command ex- 
ecutes the macro file SCH2500.MAC in 
the WORKVIEWSTANDARD -— or 
WORKVIEW\ATMEL directory. The 
process of compiling the schematic to the 
JEDEC file is then displayed on the screen. 
If the design does not encounter any errors 
during the compilation process, the desig- 
ner may not be required to know the details 
of the process. However, it would be ad- 
vantageous for the designer to understand 
each process step, especially when the 
design encounters some compilation errors. 


AIMEL 


UV Erasable 


Programmable 


Application 
Note 


Logic Device 


7-217 


ANMEL 


Note that prior to executing the “Schematic — JEDEC” or 
“Prep WIR (Device)” menu command, you would first need to 
open your design schematic via Viewdraw. These commands 


Figure 1. The Atmel-ViewPLD Compilation Process 


Schematic 


ABEL Source 
-ABL Input 


Model Schematic 


Edit Schematic 
rom ABEL source Viewdraw 


will read in the schematic file name that is currently opened. For 
the “ABEL — JEDEC” menu command, the design file name will 
be prompted for immediately after execution of the command. 


JEDEC file 
(any PLD) 
JED 


Model Schematic 
from JEDEC file 


WIR” 


Convert to 
ABEL Source 


WIR2ABL 


ABL) 


Compile ABEL 
ource 


AHDL2PLA 


Prep WIR 


Optimize 
Equations 


PLODPT 


Schematic —» JEDEC 


Device Fitting 


FIT2500/ 
FIT5000 


ABEL —*JEDEC 


Create 
Fusemap 


FUSEASM 


Notes: 

1. A WIR file is created by Viewdraw only after executing a “File 
Write” command in Viewdraw. 

2. Before generating the ABEL™ (.ABL) file, the WIRZABL (WIR- 
to-ABEL) generates an intermediate file with extension . VNT. 
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Create 
Functional 
Viewsim 
Netlist 


Simulation 
+ Display 
Waveforms 


VIEWSIM/ 
VIEWWAVE 


Create VHDL 
Timing Model 


J2VHDL 


JEDEC file 
to 
Programmer 


If an error occurs in the WIR-to-ABEL conversion specifying 
that there is an intermediate file error, then the error descrip- 
tion will listed in this .VNT file. 


3. The files .TT1, .TT2, and .TT3 are in the — ABEL PLA 


format. 
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The DIO and DSTD Symbols 

Like all other CAE primitive symbols, the DIO primitive sym- 
bols provide the building blocks for implementing an Atmel- 
ViewPLD design. In the Atmel- ViewPLD development tool, all 
of the functional DIO symbols such as AND2, AND4, DFF, and 
TFFC, are logically described using Boolean equations in the 
functional library files. These files, which include V2500.FLB, 
V5000.FLB, and VIEWLOGI.FLB, are located in the 
WORKVIEWSTANDARDLIB4 or WORK VIEWATMEL\LIB4 
directory. Figure 2 illustrates the AND2 and TFF symbols and 
their logic representations in the functional library file. 


As shown in Figure 2, the architectural capabilities in each 
Atmel EPLD determine the type of equation in the function 
library file. In fact, there are some DIO symbols which are not 
applicable for some of the Atmel EPLDs because of their ar- 
chitecture limitations. For instance, the DFFPC symbol, which 
is a D-type flip-flop with asynchronous preset and clear con- 
trols, is applicable for the ATV5000 and ATV5100 devices, but 
not for the ATV750 and ATV2500 devices. Please refer to 
the DIO Library listing (Table 2) at the end of this application note 
for the complete information on the applicabilities of the DIO 
symbols. 


Table 1 shows the three functional library files included with 
the Atmel-ViewPLD development tool: 


CMOS EPLD 


Table 1. Function Library Files 


FLB File Description 


Logic equations optimized for 
ATV750 and ATV2500 devices 


Logic equations optimized for 


ATV5000 and ATV5100 devices 


Generic library called by the “PREP 
WIR” command, not the “Prep WIR 
(Device)” command 


The first two library files are optimized for the ATV750, 
ATV2500, and ATV5000/5100 device families. The third file, 
VIEWLOGI.FLB, is used by the “Prep WIR” menu command. 
This command is designed for use if the designer wishes to par- 
tition his or her design into multiple designs which are op- 
timized for the devices selected by the designer. Since each 
functional library file is in ASCII format, the logic equations 
representing the DIO symbols can easily be modified by the 
designer. This flexibility allows the designer to generate his or 
her own DIO primitive symbols. 


For more information on the DIO and DSTD symbols, please 
refer to the listings found in Table 3 at the end of this applica- 
tion note. Note that the DSTD symbols are the 74-Series TTL 
symbols which are made up of the DIO primitive symbols. 


Figure 2. The AND2 and TFF DIO Symbols and their Logic Equations in the V2500.FLB and V5000.FLB Files 


DIO Symbol Logic Equation in V2500.FLB Logic Equation in V5000.FLB 
A Q 
B Q=A & B; Q=A & B; 
TIF 
T Q Q= (T & !Q)# Q=T; 
(!T & Q); O.ck = CK; 
O.6k = 
>CK 
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Using the IN.1 and OUT.1 Symbols for your 
Design Input and Output Pins 


For creating the input and output pins for your design, you 
would need to add the IN.1 and OUT.1 symbols (see Figure 3) 
from the DIO library to your design. Simply use the “Add 
Comp” menu command to add the IN.1 or OUT.1 symbol to the 
dangling input nodes. Pin labels must also be assigned to these 
symbols, and not assigned to the nets or nodes. For a design to 
be compiled successfully, you must have at least one input pin 
defined. Note that a design will simulate properly via Viewsim 
without any IN.1 and OUT.1 symbols (see Figures 3-4). 


Figure 3. IN.1 and OUT.1 DIO Symbols“”” 


Symbols 


IN.1 OUT.2 


Figure 4. Design Example using IN.1 and OUT.1 Symbols 


Schematic 


Al 
A2 


AND2 


ABEL™ Source File 
AND2, A2, Al pin; 
AND2 istype ‘com’; 
Equations 


AND2 = Al & A2; 


Notes: 


1. Please refer to the next section when you are asssigning the 
VDD and GND labels to the IN.1 and OUT.1 symbols. 
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Setting your Input Signal to a Constant 


Logic Level 
There are two methods which you can use to set your input 
signals to a constant logic level: 


Method 1. Label your input nodes using the VDD and GND 
labels (see Figure 5). 


Method 2. Use the PWR.1 and GND.1 symbols from the DIO 
library (see Figure 6). 


Figure 5. Design Example using VDD and GND Labels” 


Schematic 


VOD OUT3 


INPUT 


GND OUT4 


OR2 


es 
- 
: 
- 
Lr 
- 
-. . 
-. . 
7. 
- 
> 
-. 
-. 
- 
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ABEL™ Source File 
OUT3 ,OUT4, INPUT pin; 
OUT3,O0UT4 istype ‘com’; 


Equations 


OUT3 = 1 & INPUT; 
OUT4 = 0 # INPUT; 


Figure 6. Design Example using PWR.1 and GND.1 
DIO Symbols 


Schematic 


OUT1 
INPUT 


OUT2 


ABEL™ Source File 
OUT2,OUT1, INPUT pin; 
OUT2,OUT1 istype ‘com’; 


Equations 


OUT2 = INPUT # 0; 
OUT1 = 1 & INPUT; 


2. Do not use the IN.1 and OUT.1 symbols when using the VDD 
and GND labels to create a constant logic level. If you use 
these input and output symbols, then the external pins with 
labels “VDD” and “GND” will be generated. 
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Applying the D_LATCH.1 and IN_LATCH.1 
Symbols for the ATV5000 or ATV5100 


Device 

The D_LATCH.1 symbol can be used in a design for latching 
internal or external signals. This symbol uses a D-type flip-flop 
with asynchronous preset and reset controls to emulate the latch 
function (the logic equations are specified in the functional 
library files; refer to “The DIO and DSTD Symbols” section for 
more information). This symbol can be used as an output or 
buried latch. The data flows through when G is HIGH. Once G 
goes LOW, the data is latched (see Figure 7). 


The IN_LATCH.1 symbol is only used for latching inputs in the 
ATV5000 or ATV5100 design. Unlike the DLLATCH.1 sym- 
bol, this symbol is implemented in the ATV5000 or ATV5100 
using a real latch circuitry in each I/O pin. The data flows 
through when C is LOW, and data is captured on the rising edge 
of the C signal (see Figure 8). 


What to Do with the Unused Pins ofa 
DSTD Symbol 


For DSTD symbols consisting of combinatorial logic such as 
the DSTD155 or DSTD156, the unused pins can be left uncon- 
nected. The unused logic will be automatically removed from 
the ABEL™ source file as illustrated by Design Example 1 in 
Figure 9. 


On the other hand, careful attention must be paid to the unused 
pins if the symbols have registered or latched logic. With sym- 
bols that have registered or latched logic, pins and nodes are 


Figure 7. Design Example using D.LATCH.1 DIO Symbol 


Schematic 


DATA OUT 


LCK1 


ABEL™ Source File 
OUT1,LCK1,DATA pin; 


OUT istype ‘buffer,reg_d’; 
Equations 

OUT.D = A 

OUT.AP = (LCK1 & DATA); 
OUT.AR = (LCK1 & !DATA); 
OUT.C «= 1} 


AIMEL 


automatically assigned to the unused inputs and outputs respec- 
tively. With the limited number of pins and nodes in the most 
devices, the assigned pins and noues may prevent your final 
design from fitting into the selected device. Design Example 2 
in Figure 10 illustrates the problem in which three pins and 
nodes are unnecessarily created. 


In Design Example 2 (Figure 10), a total of three unnecessary 
pins were assigned and three unnecessary nodes generated. 


To eliminate all the unnecessary assigned pins, we recommend 
grounding the unused inputs. To reduce the unnecessary as- 
signed nodes to a single node, all the unused outputs of the sym- 
bol should be connected together to form a single node with an 
easily identifiable label such as NC or DUMMY. With these 
modifications implemented, instead of three pins and three 
nodes wasted as illustrated in Design Example 2, the efficiency 
of your design improved with: 


* no additional pins generated, and 


* only one additional node created. Usually this single node 
would not inhibit the design from fitting into the selected 
device. But if it does, then it can be manually deleted off the 
ABEL™ source file. 


In Design Example 3 (Figure 11), only one node (i.e., node 
NC1) was created and no additional input pins assigned. 


Note: 

1. This restriction for the unused pins of the DSTD symbols will 
be eliminated in the future versions of the Atmel-ViewPLD 
development tool. 


Figure 8. Design Example using IN_-LATCH.1 DIO Symbol 


Schematic 
IN_LATCH 
DATA D Q OUT 
LCK1 GC 


ABEL™ Source File 
OUT, LCK1, DATA pin; 
OUT istype ‘buffer,reg_d’; 


Equations 


OUT.D = DATA; 
OUT.LE = LCK1; 
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Figure 9. Design Example 1, A DSTD Symbol with Com- Figure 10. Design Example 2, A DSTD Symbol with 


binatorial Logic in which the unused pins are left unconnected. Registered Logic in which the unused pins are left uncon- 
nected generated. 


Schematic Schematic 


D1 
D2 
D3 


CLK 

_CLR 
ABEL™ Source File ABEL™ Source File 
_¢, Y¥2,¥1,8,82,B1,A2,Al pin ; S$10,S7,S4 pin ; "Unused inputs 
y1 istype ‘com’; S3,S6,S9 node ; "Unused outputs 


_CLR, Q3, O02, Ql, D3,. D2, D1, CLK pin ; 
_ S9,S6,S3 istype ‘buffer, reg, reg_d’; 
Equations Q3,02,01 istype ‘buffer, reg, reg_d’; 


Y2 istype ‘com’ ; 


Yl = !((!(Al & !S) & !(B1 & S)) # _C); Equations 

Y2 = !((!(A2 & !S) & !(B2 & S)) # _C); 
"Unnecessary logic equations 
S39 .a = S10; 
S9.ar = (!(_€LR)) ; 
59.¢ = CLK ; 
S6.d = S7; 
S6.ar = (!1(_CLR)) ; 
S6.¢ = CLE ; 
S3.d = S4; 
S3.ar = (1{_CLR)) 
Sa. 2 CLR ¢ 


"Actual logic equations in use 


O2.d = D2; 

O2.ar = (!(_CLR)) ; 
O2.c = CLK ; 

O3..a = Dss 

O3.ar = (1 ( CGER)) + 
O3.c¢ = CLK ; 

O1.d = Dl; 

Oil.a@r = {!(_CER)}) 
O1.¢ = CEE ; 
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Figure 11. Design Example 3, A DSTD Symbol with 
Registered Logic (same as in Design Example 2), but with the 
unused inputs grounded and unused outputs connected together 
to form a single node. 


Schematic 


ABEL™ Source File 


NC1. node ; “Unused node 

_CLR, 03,02,01,D3,D2,D1L,CLK pin ; 

NC1 istype ‘buffer, reg, reg_d’'; 
Q2 istype ‘buffer, reg, reg_d’; 
Q3 istype ‘buffer, reg, reg_d’; 


Ql istype ‘buffer, reg, reg_d’; 
Equations 

"Unused logic equations 

NC1l.d = 0; 

NCl.ar = (!(_CLR)) ; 

NCL .@ = CLR ¢ 


"Actual logic equations in use 


O2.da = D2; 

O2.aF = (1(CLR)) ; 
O2.¢ = CLK. ; 

03.84 = D3 

O3 .ar = (!(_CLR)) ; 
O2.¢ = CLE ; 

O1.d = Dil; 

Ol.ar = ({!( CLR)) ; 
O1l.@ = CLK ; 


Creating a Viewdraw Schematic from an 


ABEL™ ora JEDEC File 

One of the valuable features of the Atmel-ViewPLD develop- 
ment tool is the ability to generate a Viewdraw schematic from 
an ABEL™ ora JEDEC file. With this feature, you can use both 
the schematic capture and ABEL HDL design entries in the 
same design. In addition, old designs which consist of PLDs or 
TTL devices that are already in production can easily be in- 
tegrated into a single design so that it can be compiled to fit into 
a single PLD like the Atmel ATV5000 or ATV5100 device. 


The command for generating a Viewdraw schematic from an 
ABEL™ or a JEDEC file is the “Window Open ViewPLD 
Model_Device Schematic” menu command. Once this com- 
mand is executed, the dialog box shown in Figure 12 will open. 
After selecting your options, click the middle button of the 
mouse to begin executing the command. 


Use the left button of the mouse to select the options or to enter 
the project name which is the ABEL™ or JEDEC filename. 
Note that you must not enter the file extension (.ABL or JED) 
when entering the project name. 


Figure 13 shows the process flow for generating a schematic 
from an ABEL™ file or a JEDEC file. 
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Figure 12. Dialog Box for Modelling an ABEL™, JEDEC, or PLA File to Create a Viewdraw Schematic 
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Figure 13. Process Flow for Modelling a Viewdraw Schematic 
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Simulating Your Design Using Worst-Case Timing Values 


After you have created a JEDEC file for your design, you can 
further verify your design by simulating your design using the 
worst-case timing values of the selected device. Simulating 
your design using worst-case timing values provides significant 
benefits such as predicting the performance of your design, 
providing information on timing violations, and etc. 


Prior to creating a timing model, you must first run the menu 
command “Window Open ViewPLD Search_TimBase.” This 
command will extract the timing data of the selected device 
from the global timing database and store them locally in the 


.TIM file (same filename as your design file but with extension 
.TIM). Note that the ASCII timing data in the .TIM file can be 
modified by the users if the new timing data for a new speed 
version device is available from Atmel. 


After creating the local timing database, execute the “Window 
Open ViewPLD Model_Device Timing Model” menu com- 
mand to open the JEDEC Modeller dialog box as shown in Fig- 
ure 14, Select your options and click the middle button of the 
mouse to start executing the command (see Figure 15). 


Figure 14. JEDEC Modeller Dialog Box for Creating a Timing Model with Worst-Case Timing Values 


Figure 15. Process Flow for Creating a Timing Model 


Timing 
Database 
TIM file 


Notes: 

1. Converts the JEDEC file to a timing model in VHDL format. 
The VHDL Analyzer is then executed to convert the VHDL 
model to a VLI model which can be read by Viewsim. 
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2. Creates a symbol schematic of the modelled device, i.e., only 
used pins will be generated. 
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Table 2. Atmel-ViewPLD DIO Primitive Symbols 


Device 
Primitive Supported Description 


Basic Gates 
AND2 2-Input AND Gate 
G 


AND4 4-Iinput AND Gate 
AND8 8-Input AND Gate 
‘net 
NAND2 
NAND4 
NAND8 
NOR8 A 


2-Input NAND Gate 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


foumern 
[rowe 


Viewlogic Built-in Primitive - DO NOT USE IN SCHEMATIC. 
Refer to Appendix A of the Viewsin/SD Reference Guide. 


TRST 


TRIBUF 


A 
A 
A 
A 
A 
A 
A 


DSHEET 34" X 22" 
ESHEET.1 34" X 44" 
ESHEET.2 44" X 34" 
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Table 2. Atmel-ViewPLD DIO Primitive Symbols (continued) 


Device 
Primitive Supported Description 


Generic Device Symbol (For Design Partitioning) 
ANY_20 20-Pin Generic Device 
ANY_24 24-Pin Generic Device 
ANY_28 28-Pin Generic Device 
ANY_40 40-Pin Generic Device 


ANY_44 a 44-Pin Generic Device 
ANY_68 fl 68-Pin Generic Device 


Latches 


ATV5000 Standard D Latch with Data Flow-Through when G Input is High. 

DLATCH ATV5100 Data is latched when G goes LOW. 

This latch can be used as a buried latch. 
IN LATCH ATV5000 Input D Latch. The data flow-through occurs when the C input is LOW. Data is 

“e ATV5100 latched on the rising edge of C. 

RS Latch. In ATV750 and ATV2500 devices, the RS latch is emulated via two 
RSLATCH All cross-coupled NAND gates. In the ATV5000 devices, a flip-flop with 

asynchronous preset and reset is used. 


RS_FF RS Flip-Flop. A D flip-flop is used to emulate the RS flip-flop. 


DFF All D Flip-Flop with no Preset or Reset Function. Flip-flop is reset upon device 
power-up. 


D Flip-Flop with Asynchronous Reset 


ATV5000 

ATV5100 D Flip-Flop with Asynchronous Preset 

ATV5000 ; 

ATV5100 D Flip-Flop with Asynchronous Preset and Reset 


D Flip-Flop with Synchronous Preset 
D Flip-Flop with Synchronous Preset and Ssynchronous Reset. In the ATV750 
DFFSPC All and ATV2500 devices, the synchronous preset is a global preset product term, 
i.e., a single product term presets a group of flip-flops. In the 


ATV5000/ATV5100 devices, the preset term can be independently controlled. 


JK Flip-Flop with no Preset or Reset 
JK Flip-Flop with Asynchronous Reset 


ATV5000 | | 

ATV5100 JK Flip-Flop with Asynchronous Preset 

ATV5000 . . 

ATV5100 JK Flip-Flop with Asynchronous Preset and Reset 


JK Flip-Flop with Synchronous Preset 
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Table 2. Atmel-ViewPLD DIO Primitive Symbols (continued) 


Device 
Primitive Supported Description 


JK Flip-Flop with Synchronous Preset and Asynchronous Reset. In the ATV750 
and ATV2500 devices, the synchronous preset is a global preset product term, 
i.e., a Single product term presets a group of flip-flops. In the 


JKFFSPC A 
ATV5000/ATV5100 devices, the preset term can be independently controlled. 
TFF 


Il 
| oTFF ss All T Flip-Flop with no Preset or Reset 
TFFC All T Flip-Flop with Asynchronous Reset 


ATV5000 

Terr ATV5100 T Flip-Flop with Asynchronous Preset 

TFFPC pele T Flip-Flop with Asynchronous Preset and Reset 
ATV750 

TFFSP ATV2500 T Flip-Flop with Synchronous Preset 


T Flip-Flop with Synchronous Preset and Asynchronous Reset. In the ATV750 


TFFSPC che and ATV2500 devices, the synchronous preset is a global preset product term, 
i.e., a Single product term presets a group of flip-flops. 
-UDFDOL = |— —_| Viewlogic Buit-In Primitive - DO NOT USE IN SCHEMATIC 
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Table 3. DSTD TTL Symbols 


Component 
DSTDOO 
DSTDO2 
DSTD04 
DSTD08 
DSTD10 
DSTD107 
DSTD109 
DSTD11 


DSTD112 
DSTD113 


DSTD114 


DSTD125 
DSTD126 
DSTD128 
DSTD133 
DSTD134 
DSTD135 


DSTD137 


DSTD138 
DSTD139 
DSTD140 
DSTD147 
DSTD148 
DSTD150 
DSTD151 
DSTD152 
DSTD153 
DSTD154 
DSTD155 
DSTD157 
DSTD158 


7-232 


Device 
Supported Function Description 


All 1-of-8 Line Data Selector/Multiplexer with Compl. Output 
All 1-of-8 Line Data Selector/Multiplexer 

A 
A 
A 
All 
All Quad 2-to-1 Line Data Selector/Multiplexers with Compl. Output 


Dual 4-to-1 Line Data Selector/Multiplexers 


4-to-16 Line Decoder 
Dual 2-to-4 Line Decoders 


Quad 2-to-1 Line Data Selector/Multiplexers 


ATV5100 Clear, and Common Clock 

Al 

Al 
| 1-0-8 Line Data Selector/Muttiplexer with Compl. Output 
[1-of-BLine DataSelector/Multiplexer 
[Dual 4to-1 Line DataSelector/Mutiplexers 
|4to-16LineDecoder 
|Dual2to-4LineDecoders 
Quad 20-1 Line DataSelector/Mutiplexers 
| Quad 2-1o-1 Line Data Selector/Multiplexers with Compl. Output 
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Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


ATV5000 ’ ; 
ATV5100 8-Bit Serial In/Parallel Out Shift Register with Async. Clear 
plies ts 8-Bit Parallel In/Serial Out Shift Register with Compl. Output 


Al 
Al 
Al 
Al 


ATV5000 
ATV5100 4-Bit Presetable Decade Counter 
paler 4-Bit Presetable Binary Counter 


All 9-Bit Parity Generator/Checker 


plies i Arithmetic Logic Unit/Function Generator 


All Look-Ahead Carry Generator 
All Carry-Save Full Address 


ATV5000 ; : 

ATV5100 Sync. 4-Bit Up/Down Decade Counter with Mode Control 
ATV5000 . . : 

ATV5100 Synchronous 4-Bit Up/Down Binary Counter with Mode Control 
paca: Synchronous 4-Bit Up/Down Decade Counter with Dual Clock 


All 4-Bit Bidirectional Universal Shift Register 


ATV5000 

ATV5100 4-Bit Presettable Decade Counter 
ATV5000 

ATV5100 4-Bit Presettable Binary Counter 


All 8-Bit Bidirectional Universal Shift Register 
All 4-Input NAND Gate 
All 4-Input AND Gate 


ATV5000 4-Bit Parallel Latched Bus Tranceivers 


ATV5100 
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DSTD164 


DSTD165 


DSTD168 
DSTD169 
DSTD174 
DSTD175 


DSTD176 


DSTD177 
DSTD180 


DSTD181 


DSTD182 
DSTD183 


DSTD190 


DSTD191 


DSTD192 


DSTD194 


DSTD196 


DSTD197 


DSTD198 
DSTD20 
DSTD21 


DSTD226 


Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


Tri-State 1-to-8 Line Data Selector/Multiplexer with Compl. Output 


rosrozeo [A 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


DSTD353 A Dual 4-to-1 Line Data Selectors/Multiplexers with Tri-State Outputs 


DSTD354 ples 8-to-1 Multiplexer/Register (Transparent) 
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All 
All 
All 
All 
All 
All 
All 
All 
All 
All 
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Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


/pstpses | Al Hex inverting Bus Drivers with Tri-State Outputs 
Hex Inverting Bus Drivers with Tri-State Outputs with Two Tri-State Controls 
2-Input NAND Butfers 


ATV5000 
DSTD373 ATV5100 Octal Transparent D Latches 


DSTD374 Octal Edge-Triggered D Flip-Flops 
DSTD376 Quad JK Flip-Flops 
DSTD377 Octal D Flip-Flops with Enable 


BCD to Decimal Decoder 


> 


DSTD42 


ATV5000 


DSTD4514 ATV5100 


8-Bit Static Shift Register 


DSTD51 Dual 2-Wide 2-Input AND-OR-INVERT Gates 
DSTD520 All Octal 8-Bit Identity Comparator 


= 


rosro [BCD to Decimal Decoder 
roses [puar wide Zinpa AND ORWVERT Gates 
rosroseo [octale-Bt deny Comparator 
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Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


DSTD521 Octal 8-Bit Identity Comparator 


ATV5000 
DSTD533 ATV5100 Octal Tri-State Inverting Transparent D Latches 


A 
DSTD534 Octal Tri-State Inverting Edge-Triggered D Flip-flops 
A 


DSTD538 3-to-8 Line Decoders with Tri-State Outputs 
DSTD54 4-Wide 2-Input AND-OR-INVERT Gates 


| 
| 
| 
DSTD540 | Octal Buffers with Tri-State Outputs 
DSTD541 | [Octal inverting Buffers with Tri-State Outputs 
DSTD55 | 2-Wide 4-Input AND-OR-INVERT Gates 
| 
| 
| 
| 
| 
| 


ATV5000 
DSTD563 ATV5100 Octal Tri-State Inverting Transparent D Latches 
DSTD568 


A 
A 
A 
A Octal Inverting Buffers with Tri-State Outputs 
A 


DSTD564 A Octal Tri-State Inverting Edge-Triggered D Flip-Flops 
A 
DSTD569 A 


Synchronous 4-Bit Up/Down Decade Counter with Tri-State Outputs 
ATV5000 
DSTD573 ATV5100 Octal Tri-State Transparent D Latches 


Synchronous 4-Bit Up/Down Binary Counter with Tri-State Outputs 
Octal Tri-State Edg2-Triggered D Flip-Flops 


DSTD574 A 
DSTD575 
DSTD576 


DSTD580 pa et Octal Tri-State Inverting Transparent D Latches 


DSTD670 plat 4-by-4 Register Files with Tri-State Outputs 


DSTD677 All 16-to-4 Bit Address Comparator with Enable 
DSTD684 All 8-Bit Magnitude/Identity Comparator 


Octal Tri-State Edge-Triggered D Flip-Flops with Sync. Clear 
Octal Tri-State Inverting Edge-Triggered D Flip-Flops 


A 
A 


A 


| 
| 
| 
| 
| 
All 
All 
All 
All 
All 
All 
All 
All 

li 
All 
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Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


TD688 8-Bit Identity Comparator 


DSTD70 ple AND-Gated Edge-Triggered JK Flip-Flop with Async. Preset and Clear 


DSTD73 plik JK Flip-Flop with Async. Clear 


ATV5000 ; : 
DSTD74 ATV5100 D Flip-Flop (Edge-Triggered) with Async. Preset and Clear 


ATV5000 on 

DSTD75 ATV5100 4-Bit Bistable Latches 

DSTD76 ple JK Flip-Flop with Async. Preset and Clear 
ATV5000 

DSTD77 ATV5100 Dual Transparent D Latches 


DSTD78 ATV5000 Dual JK Flip-Flops (Edge-Triggered) with Async. Preset, Common Clear, and 
ATV5100 Common Clock 


DSTD80 Gated Full Adders 
DSTD804 2-Input NAND Line Driver 
DSTD805 2-Input NOR Line Driver 


DSTD808 2-Input AND Line Driver 
All 
All 
All 
All 
All 
All 
All 
All 
All 
All 
All 
All 


DSTD82 2-Bit Binary Full Adders 

DSTD83 4-Bit Binary Full Adders with Fast Carry 
DSTD832 2-Input OR Line Driver 

DSTD85 


” 


4-Bit Magnitude Comparators 
DSTD857 A Hex 2-to-1 Universal Multiplexers 
DSTD86 Al 2-Input Exclusive-OR Gate 
DSTD867 PA Synchronous 8-Bit Up/Down Counter with Async. Clear 
DSTD869 PA Synchronous 8-Bit Up/Down Counter with Sync. Clear 
DSTD874 All =| 4- Bit Edge-Triggered D Flip-Flop 
DSTD878 PA 4-Bit Edge-Triggered D Flip-Flop with Tri-State Outputs 
DsTDs82 Al | 
pstos0~S*«~sSC(‘éséCO* 
DSTD9: rar 
pstos2~=~*é<~srCATSC‘“‘*# 

AN 


DSTD93 


32-Bit Look-Ahead Carry Generators 
Decade Counter 

8-Bit Shift Registers 

Divide-by-12 Counter 

4-Bit Binary Counter 


DSTD94 4-Bit Shift Registers 


ATV5000 
ATV5100 
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Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


ATV5000 ee 
DSTD96 ATV5100 5-Bit Shift Registers 


DSTDK 2-Input NAND Gate 


Glossary 


Term Description 
Async. Asynchronous 
Sync. Synchronous 
Compl. Complementary 
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ATH3000 Application Example: 
Registered Bus Multiplexer 


Introduction 

This application note shows how an 
ATH3000 programmable logic device can 
be used to implement a simple, high-speed 
16-bit bus multiplexer. It provides an ex- 
ample of how a bus multiplexer can be 
created and how to use the ATH3000. In- 
cluded are a description of the bus multi- 
plexer function, the implementation using 
an ATH3000, and the ABEL™ source code 
which was created for this application. 


In a typical CPU system, multiple 
peripheral devices, such as floppy disks, 
keyboard or CRT controllers, printer inter- 
faces, and D/A or A/D converters, are in- 
terfaced to the CPU. A bus multiplexer 
provides a bi-directional interface be- 
tween a CPU system data bus and 
peripheral device data buses. In this ex- 
ample, two peripheral device data buses 
can be interfaced to the CPU data bus. 
Data can be read from either one of the 
peripheral device buses onto the CPU bus, 
or written from the CPU bus to one of the 
two peripheral device buses. The control 
signals which are used by the CPU to per- 
form a data transfer are decoded and 
used to determine which peripheral is 
being accessed and whether it is a read or 
write operation. 


The ATH3000 is the smallest member of 
the Atmel H-Series high throughput 
programmable logic devices. It is a 68-pin 
device which features 56 I/O logic cells. 
The architecture is simple and regular, 
providing predictable, high-speed perfor- 
mance. This application requires a high 
I/O count and fast timing so that the bus 
transfers are not hindered by the PLD per- 
formance. The ATH3000 offers both. 


Bus Multiplexer Description 
The bus multiplexer provides an interface 
between a CPU system data bus and 
peripheral device data buses. This inter- 
face simplifies the timing between the 
buses and allows the CPU to read data 
from or to write data to the various 
peripherals, without requiring those 
devices to be hooked directly to the CPU 
data bus. The bus multiplexer is 
transparent to the CPU. It decodes the con- 
trol signals which are generated by the 
CPU to perform a data transfer. 


Figure 1 shows the basic block diagram 
for the bus multiplexer. This example in- 
terfaces three 16-bit buses. The Data I/O 
port is the interface to the CPU system 
data bus. Port A and Port B are interfaces 
for two different peripheral devices. The 
direction and port select are decoded from 
the CPU control signals which are used to 
perform a data transfer. This example uses 
five control signals: CS_ (chip select), 
RD_ (read), WR_ (write), AB_ (A/B 
select), and RST (reset). These signals are 
used to determine whether the bus multi- 
plexer is being addressed, and what type 
of transfer is requested. Table 1 shows the 
device functions. 


The CS_ signal is used to determine 
whether the control signals should be 
decoded by the multiplexer. If the chip 
select is not asserted, the data bus outputs 
are tri-stated, so the bus multiplexer will 
not interfere with other bus activity. Any 
read or write signals are also ignored if the 
chip select is not asserted. If both the RD_ 
and WR_ signals are high, the data bus 
outputs are also tri-stated. 
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Figure 1. 16-Bit Bus Multiplexer Block Diagram 


; —> ie A15..A0 
: DATA 7 
D15.D0 < —;— } ~—sBUS : 
| BUFFER 
3 Aon mons ey B15..B0 
RD_ : : 
WR_ : 
AB_ CONTROL 


INTERNAL BUS 


RST Function 

Data I/O Port Tri-Stated 

Data I/O Port Tri-Stated 

Read — Port A — Data I/O Port 
Read — Port B > Data I/O Port 
Write — Data I/O Port > PortA 
Write — Data I/O Port > Port B 
Not Allowed 


Reset Registers, Disable Ports A and B for Read 
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Bus Multiplexer Description (continued) 
Figure 2 shows the timing for a read operation. In a read mode, 
data is read from either Port A or Port B, selected by AB_. The 
outputs of the selected port are tri-stated, so that the peripheral 
devices may drive the bus. The data is input to the bus-multi- 
plexer and registered using the falling edge of RD_. The data is 
then available on the data bus until the rising edge of the read 
signal. 


Figure 3 shows the timing for a write operation. In a write 
mode, data is written to either Port A or Port B from the CPU 
data bus. The data bus is tri-stated and the port which is selected 
by AB_ is enabled. The data is input to the bus multiplexer and 


Figure 2. 16-Bit Bus Multiplexer: Read Mode Timing 


A<15..0> or B<15..0> 


sia = 10 NS —> 


registered using the rising edge of WR_ signal. The data is 
available until the next write signal. The outputs of the port will 
remain enabled until RST is received. 


RST will reset all data registers and will disable the Port A and 
Port B outputs, preparing for the next write cycle. 


In this example, general-purpose control signals are used to 
demonstrate the function. For interface to a specific CPU, the 
application could be tailored to decode the signals generated by 
that CPU. For example, an interface to an Intel 386™ processor 
could be designed by changing the bus multiplexer application 
to decode the W/R, D/C, M/IO, ADS, and READY signals. 


VALID 


oe 


RD_ 3 
WR 
tu = 2 ns 
toa = 10 ns»! i— — | 
CS_ 3 
at 7 nS _»! <— —> @— ten; = 15 ns 
max : 
D<15..0> iV) VALID 
tear = 12 MS_pi g— 
hig a u is u = 40 MHz 


tsia + tcoa 
Figure 3. 16-Bit Bus Multiplexer: Write Mode Timing 


D<15..0> 


10 ns + 15 ns 


KK vaulD X 


RD_ 


WR_ 


CS_ 


— oe 


+ ty = — 
10ns —> ‘?— tua = 2 ns 


AB_ Kk vauin X VALID} > 


4—tcoa = 15 ns 


A<15..0> or Bc15..0> YH V- EYZ@ In a 


RST 


1 1 


fiaax = = 
tsia + tcoa 


10 ns + 15 ns 
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ATH3000 Description 

The ATH3000 is 68-pin high-speed programmable logic 
device, which features 56 I/O pins and two input-only pins. 
Each I/O pin can be driven by a logic macrocell which has one 
flip-flop, six product terms, a clock term, and an output enable 
term. 


The macrocells are divided into six regions — two regions with 
eight macrocells each, and four regions with ten macrocells 
each. The regions with eight macrocells have one universal I/O 
pin each, and the regions with ten macrocells have three univer- 
sal I/O pins each. An additional eight CABLE (Complement 
Array Buried Logic Extender) terms are provided, which can be 
used for logic expansion or routing. 


A universal bus routes signals to all six regions, and a regional 
bus routes signals within each region. The universal bus con- 
tains the eight CABLE terms, the true and false signals from 
universal I/O pins, and the true and false signals from the two 
input-only pins. The regional buses contain the true and false 
signals from the regional I/O pins in that region. 


In the bus multiplexer application, 48 of the I/O pins are used 
for the three 16-bit buses. The two dedicated inputs and three of 
the universal I/O pins are used for the control signals. The in- 
dividual clock terms allow each bus to be registered inde- 
pendently. The individual output enable terms allow each bus to 
be bi-directional and independently enabled. 


Since bits on each bus are not swapped or reordered, each bit 
only needs to route to the same bit position on the other two 
buses. To take advantage of this, and simplify the universal and 
regional routing, the buses are bit-sliced across the six regions 
in the device. The regions with eight macrocells contain two 
bits from each of the three buses, and the regions with ten mac- 
rocells contain three bits for each of the buses. 


The only signals which need to be universally routed are the 
control signals. The dedicated input pins are used for the RD_ 
and WR_ signals, and three universal I/O pins are used for the 
CS_, AB_, and RST signals. Since they are universally routed, 
they can go on any of the universal I/O pins. 
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Because of its simple and regular architecture, the ATH3000 
offers predictable, high-speed performance. The application is 
designed to allow the CPU and peripherals to control the 
timing. Figures 2 and 3 show the maximum delays for read and 
write cycles. The ATH3000 will allow a read or write bus cycle 
rate of up to 40 MHz. 


ABEL™ Source Code 

A listing of the ABEL™ source code is included for reference, 
and the file is also available on floppy disk from Atmel. The 
ABEL™ source code is divided into three basic sections: decla- 
rations, equations, and test vectors. 


The declarations section includes a device type declaration and 
the pin and node number assignments. For the ATH3000, the 
device type is ““H3000.” The I/O signals are assigned to pins and 
declared as registered by using an “istype” statement. Also in- 
cluded in the declarations section are set declarations for the 
data buses. This allows a single equation to be written for the 
whole bus, instead of having the same equation written sixteen 
times for each of the individual signals. 


The equations section contains logic equations for the functions 
being implemented. Dot extensions are used to refer to the con- 
trol functions within the macrocells. For instance, “PORTA.oe” 
refers to the output enable for all signals in the PORTA bus. 
Fuse statements are only required for the beta version of the 
ATH3000 ABEL™ device support, since some of the con- 
figuration bits are not set automatically. 


The test vectors are used to simulate the device before it is 
programmed. The set of test vectors which was written for this 
application first performs a read cycle and then a write cycle. In 
the read cycle, data is read from Port A and then from Port B. In 
the write cycle, data is written to Port A and then to Port B, and 
then a reset is performed. The vectors are also written to the 
JEDEC file, so that functional testing can be performed on the 
device when it is programmed. 
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ABEL™ Source Code 


module BUSMUX ; 


title ‘Simple 16-bit Bus Multiplexer - Demo ATH3000 
ATMEL Corporation EPLD - Applications Hotline: (408) 436-4333 
Wendey Mueller - May 1, 


BUSMUX device '’H3000'; 


RD_,WR_,CS_,AB_ 
RST 
DO,D1,D2,D3,D4,D5 
D6,D7,D8,D9,D10,D11 
D12,D13,D14,D15 

AO, A1,A2,A3,A4,A5 
A6,A7,A8,A9,A10,A11 
A12,A13,A14,A15 
BO,B1,B2,B3,B4,B5 
B6,B7,B8,B9,B10,B1l 
B12,B13,B14,B15 
PORT _OE 


DIO = [D15..D0]; 
PORTA = [A15..A0]; 
PORTB = [B15..B0]; 
EQUATIONS 


pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 


L992" 


1, 35,61, 2; 

oof 

5, 6, 7,8,9,12 

13, 14,168,139, 21,24 
Lage by SopaU 
63,64, 10,11,358,15 
LT peepee peo, 46,20 
41,42, 31,32 

65, 66, 29, 60, G2,99 
56,57,47,48, 49,43 
44,45,39,40 

51 


istype ‘reg d,buffer'; 
istype ‘reg d,buffer’; 
istype ‘reg d,buffer'; 
istype ‘reg d,buffer’; 
istype ‘reg d,buffer’'; 
istype 'reg d,buffer’; 
istype ‘reg d,buffer’; 
istype ‘reg d,buffer’; 
istype ‘reg d,buffer'; 
istype ‘reg _d,buffer’; 


"Data I/O Port (interface to CPU) 
"Port A (interface to peripheral) 
"Port B (interface to peripheral) 


Ukkkkkkkkkkkkkk kkk kkk kkk kha kk kkk KKK KKK KKK KKK KKK KKKKEK KK KK KKK K KKK KKK 


"This is an example of a 16-bit bidirectional bus multiplexer. 
"It could be used to interface a system data bus to two different 
"peripheral devices. Each of the 16-bit ports is bidirectional. 
"The functional control is as follows: 


"RD WR AB_CS_ RST 


FUNCTION 


Data I/O port 3-state 

Data I/O port 3-state 

port A - Data I/O port (read) 

port B - Data I/O port (read) 

Data I/O port - port A (write) 
Data I/O port - port B (write) 


Reset regs, disable ports A and B for read 
Wk keke KKK KK KKK KEK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KKK KKKKKKKEKKKKKK 


PORT _OE.d = 17 "This bit controls Port A and B output 
PORT OE.ck = !CS & !WR_; “enables. Once write cycle is started, 
PORT OE.ar = RST; "ports will remain enabled until a RST is 
"received. RST is required before next read. 
DIO.d = (!RD_ & AB_ & PORTA) "DIO port data for read is selected 
# (!RD  & !AB_ & PORTB); "from either Port A or Port B 
DIO.0oe = !CS & !RD; "DIO port is tri-stated except during read 
DIO.ck = !CS_ & !RD ; "clock Data I/O port for read 
DIO.ar = RST; "reset registers with RST signal 
PORTA.d = DIO ; "Port A data for write 
PORTA.oe = PORT OE; "output will remain enabled until reset 


PORTA.ck = !CS_ & WR & AB; 


PORTA. ar 


RST? 


"clock port A registers for write to A 


"reset registers with RST signal 
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PORTB.d = DIO ; "Port B data for write 

PORTB.oe = PORT OE; "output will remain enabled until reset 
PORTB.ck = !CS_ & WR_ & !AB ; "clock port B registers for write to B 
PORTB.ar = RST; "reset registers with RST signal 


"Fuses statements are only required for beta level version of the 
"H3000 software support. 


FUSES “These fuses select the feedback/input pin path 
"0 means register feedback. 
" 1 means pin feedback/input pin. 


"sin Ze 4, 5; 6, ty 8, 9, 10 
(25923, 25931, 25939, 25947, 25955, 25963, 25971, 25979) 
= [ 1, 1, 1, 1, 1, 1, 1, lj; 


"pin 11, Lee Sis 14, Lay ds 18, 19 
(25987, 25995, 26003, 26011, 26019, 26027, 26035, 26043) 
= [ 1, l, 1, 1, 1, 1, Ly 1); 


“Din, 215 Le, 23, 24, 25% 26, Zt; 28 
[26051, 26059, 26067, 26075, 26083, 26091, 26099, 26107] 
= [ 1, 1, l, 1, 1, 1, 1, 1]; 


“sin 29, 30, 31; 32, 36, i 39, 40 
[26115, 26123, 26131, 26139, 26147, 26155, 26163, 26171] 
= [ l, li : Ly 1, l, 1, LV 


"pin 41, 42, 43, 44, 45, 46, 47, 48 
[26179, 26187, 26195, 26203, 26211, 26219, 26227, 26235] 
= [ 1, 1, 1, Ly 1, 1, is 1]; 


"pin 49, SL, Be; 53. oy a6. iP 58 
[26243, 26251, 26259, 26267, 26275, 26283, 26291, 26299] 
= [ l, 1, 1, 1, l, l, ly lj; 


“pin 59, 60, 61, 62, 63, 64, 65, 66 
(26307, 26315, 26323, 26331, 26339, 26347, 26355, 26363] 
= [ 1, 1, 1, 1, l, 1, Ly 1); 


FUSES “These fuses select the clock options. 
" Q means use synchronous chip clock. 
"1 means use asynchronous clock. 
"JLCC pinout 


"5d 1 Zi 4, 5, 6, 7, 8, 9, 10 
[25926, 25934, 25942, 25950, 25958, 25966, 25974, 25982] 
= | 1, l, l, l, l, 1, ly 1); 


"pin Ii, 12, ee 14, 15, 17, 18, 19 
[25990, 25998, 26006, 26014, 26022, 26030, 26038, 26046) 
= [ 1, ly 1, 1, l, 1, 1, 1); 


"pin 21, 2a; 23, 24, 29,5 26, Zi, 28 
[26054, 26062, 26070, 26078, 26086, 26094, 26102, 26110) 
= | l, l, l, Ly l, l, 1, 1); 


“pin 29, 30, 31, 32, 36, 38, 39, 40 
(26118, 26126, 26134, 26142, 26150, 26158, 26166, 26174] 
| 1, 1, 1, l, 1, 1, 1, 1); 


"pin 41, 42, 43, 44, 45, 46, 47, 48 


(26182, 26190, 26198, 26206, 26214, 26222, 26230, 26238] 
= [ 1, ly Ly l, 1, 1, 1, 1); 
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“pin 429, wks D2, Dy OD, 6, Diy 58 
(26246, 26254, 26262, 26270, 26278, 26286, 26294, 26302) 
= [ Ly iy Le Le Ly Ly ly ll; 


"Sin 52, 60, 6l, 62, 63, 64, 65, 66 
{26310, 26318, 26326, 26334, 26342, 26350, 26358, 26366] 
= | Ls hg Ly he Ly Ly La Lig 

@RADIX 16; 


TEST VECTORS ( 


[RST,RD_,WR_,AB ,CS_,PORTA,PORTB ] -> [DIO ]); 

[Oo 2 Q £O, 1, kX, X ] => (2 ]}; “dio port disabled 
[ deg Ls 1, 1, O, 0000, 0000 j] -> [2 J; “reset 

[ Oe Kye ta 1, 0, 0000, 0000 ] -> [0000]; “read from A port 
[ 2 €, is 1, Os 1111, 0000 }] -> [1111]; “read from A port 
[ 0, €, 1, 1, O, 2222, 0000 ] -> {2222}; “read from A port 
[| & ¢, bn 1, O, 3333, 0000 ] => [3333]; “read from A port 
L GU, <<, 1, O, OO, O000, 4444 ] -> [4444]; “read from B port 
{ 0; & 1, 8, 0, 0000, S555 ]) => [5555]; “read From B port 
[ 0, CG il, 8, OO, S000, 6666 ] -—> [6666]; “read from B port 
L DB, Gy 1, O, O, O000, F777 } => [T7717]; “read from B port 
[ 0, il, i, OG, OO G000, GO00 | => [Z ]; "dio port disabled 


TEST VECTORS ( 
[RST,RD_,WR_,AB ,CS_,DIO ] -> [PORTA, PORTB 


] 
[ i, 1, ds Ly 0, 0000] -> [2Z, vA ]; “reset 
[ O, 1, EK, Jd, OO, O000)] —> [0000, 0000 I- “write to A port 
f By de “Re 1, O, 1111) -> [1111, 0000 J]; “write to A port 
f @ 1, Ke 1, Of 2222) -—> [2222, 0000 }7 “write to A port 
[| 6, id, Ky id, O&O 3333] => (3333, 0000 ]7 “write to A port 
[ Oy 1, kK, 4, 0, 4444) -> [3333, 4444 ]; “write to B port 
[ 0; 1, Ky ©, O, S555] -> [3335, 5555 Jf “write to B port 
{ 0, 1, kK, 0, 0, 6666) -> [3333, 6666 ]; “write to B port 
{ 0, 1, K, 90, 0, VW777)] => [3333, 7777 ]3 “write to B port 
[| dy Ls il, WO, O, 8888] -> [Z, Z J; “reset 
END ; 
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ATV5000 Application Example: 
DMA Controller 


introduction 

This application note shows how the 
ATV5000 complex programmable logic 
device can be used to implement a simple 
DMA Controller. It includes a description 
of the DMA controller function and the im- 
plementation using an ATV5000. The 
ABEL™ source code is included for refer- 
ence, and is also available from the factory 
on floppy disk. 


A Direct Memory Access (DMA) control- 
ler is a peripheral device used in a CPU sys- 
tem to perform block data transfers between 
memories and I/O devices. It generates the 
addresses and control necessary to perform 


Figure 1. Internal Block Diagram 


the transfer. The DMA controller improves 
system performance by transferring data 
directly between devices instead of using 
the CPU. 


The ATV5000 is a high-density program- 
mable logic device, featuring 52 I/O logic 
cells and 128 flip-flops. This application takes 
advantage of the buried registers to store 
and increment or decrement the addresses 
and word count. The counters are easily 
implemented with minimal logic by using 
T-type registers. The high I/O count can easily 
accommodate the 16-bit bi-directional data 


and address buses. 


DATA 


ADDR 


MACHINE 


UV Erasable 


Programmable 


Application 
Note 


Logic Device 


7-247 


AIMEL 


DMA Controller Description 

The DMA controller is used to transfer blocks of data between 
system memory and other memory or I/O devices. Figure 1 
shows the basic block diagram for the DMA controller. The in- 
terface to the CPU consists of an address bus, a data bus, and 
some control signals. These signals are used by the CPU to load 
initialization data into the DMA controller registers. When the 
DMA controller is granted control of the buses, the same signals 
are used to transfer the data. This example uses i386™ type bus 
control signals. Figure 2 shows how this DMA controller would 
be used in a CPU system. 


The transfer is initiated when the CPU loads the starting source 
and destination addresses, word count, and control word into 
the DMA controller registers. The external device asserts the 


Figure 2. System Block Diagram 


DMA request signal to request a DMA. The DMA controller 
then requests control of the system buses and control signals. 
When the CPU grants the bus request, the DMA controller ac- 
knowledges the DMA request and starts the DMA. 


The data is read in on the data bus and then latched and written 
back out. The source address or destination address is multi- 
plexed onto the address bus during the read cycle or write cycle. 
The system bus control signals are used by the DMA controller 
as control signals for the memory or I/O device. The DMA 
controller transfers the requested number of words and then 
relinquishes bus control. The DMA cycle timing is shown in 
Figure 3. 


Figure 3. DMA Timing 
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ATV5000 Description 

The ATV5000 is 68-pin high-density programmable logic 
device, which features 52 I/O pins and eight input-only pins. 
Each I/O pin is associated with a logic macrocell (see Figures 4, 
5, and 6). Each macrocell has an input latch, two flip-flops, 13 
product terms which can be split into three separate sum terms, 
and an output enable term. The I/O pin can be driven with either 
a combinatorial or registered output. Each flip-flop has a clock 
term, asynchronous reset term, and asynchronous preset term, 
and can be configured as either a D-type or T-type flip-flop. 


In addition, there are 24 buried logic cells (see Figure 7). Each 
buried logic cell can be configured as registered or combinatorial. 


Figure 4. Logic Cell, Two Buried Registers, Combinatorial 
to I/O Cell 
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If registered, each flip-flop has a clock term, asynchronous reset 
term, and synchronous preset term, and can be configured as a 
D-type or T-type flip-flop. 


The ATV5000 is divided into four quadrants with 13 I/O mac- 
rocells and six buried logic cells each (see Figure 8). A 
universal bus routes signals to all four quadrants, and a regional 
bus routes signals within each quadrant. The regional buses 
contain the true and false feedback signals from each register, 
from the buried logic cells, and from the eight input-only pins. 
The universal bus contains the regional bus inputs plus the true 
and false signals from each I/O pin. 


Figure 5. Logic Cell with Combinatorial Sum Terms, 
Register to I/O Cell 
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Figure 6. I/O Pin Logic Figure 7. Buried Logic Cells 
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Figure 8. .ATV5000 Block Diagram 
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DMA Controller Implementation 

The DMA controller consists of three basic functions: system 
interface, internal address and word counters, and a state 
machine controller. 


System Interface 

The system interface consists of a 16-bit bi-directional data bus, 
a 16-bit bi-directional address bus, bi-directional bus control 
signals, and handshaking signals to request bus control. 


The data and address buses are assigned to I/O pins in the 
ATV5000. When the CPU controls the system buses, the buses 
are used as inputs to receive initialization data. When the DMA 
controller controls the system buses, the buses are bi-direc- 
tional. The data bus is tri-stated while the source data is read and 
registered, and then enabled to write the data to the destination. 
The address bus outputs are enabled and multiplex the source or 
destination address onto the bus. 


The CLK and RST signals are the CPU system clock and reset 
signals. The CLK signal is used as the clock for all registers, so 
that all data transfers are synchronized to the system clock. The 
CS_ selects whether the DMA controller is being addressed for 
initialization. Both signals are assigned to input pins in the 
ATV5000, so that the signals are available on the regional buses 
in all quadrants. 


The M/IO and R/W signals are used to control the bus activity. 
For initialization, the R/W signal enables a write and the LSB 
bits of the address bus are decoded to select which register is to 
be accessed. During a DMA transfer, the M/IO selects the 
source or destination as an I/O device or a memory and the R/W 
signal selects either a read or write operation. Both signals are 
assigned to I/O pins in the ATV5000, since they are used as 
inputs during initialization and outputs during a DMA cycle. 


There are two sets of handshaking signals: the DMA request 
and acknowledge (DREQ and DACK), and the bus request and 
acknowledge (HOLD and HLDA). The DREQ and HLDA are 
assigned to input pins in the ATV5000. The HOLD and DACK 
signals are assigned to I/O pins in the ATV5000, since they are 
signals output by the controller. 


Address and Word Counters 

The address and word counters store the starting addresses, 
transfer word count, and command word. All use buried 
registers in the ATV5000, since the data does not need to be 
directly output. The registers are used as counters which load 
and then increment or decrement. The load and count functions 
are controlled by the bus control signals and the state machine. 


The registers are configured as T-type flip-flops, so that a min- 
imum number of product terms are required to implement the 
counter functions. Loading is accomplished by XORing the 
output of the register with the load data, causing the T flip-flop 
to toggle if the data does not match. 


The outputs of the address registers are multiplexed onto the 
address bus to provide source and destination addresses for the 
DMA transfer. After each transfer, the addresses are incre- 
mented and the word count is decremented. When the word 
count reaches zero, the DONE signal is sent to the state 
machine, indicating that the transfer is complete. 


The command word is decoded and used by the state machine 
to determine what type of DMA will be performed. The data is 
only used by the state machine, so it can be stored in buried 
registers in the ATV5000. The word consists of three bits: two 
bits which indicate whether the source and destination are 
memory or I/O devices, and a third bit which enables the DMA 
to start. After the DMA is complete, the enable bit is reset. 


State Machine 

A state machine provides all of the internal and external control 
signals for the DMA transfers. It also performs the handshaking 
for bus access and DMA requests. Figure 9 shows the state 
diagram for this machine. 


The state machine starts in a reset state where it waits for the 
CPU to initialize a DMA. The next three states perform the 
handshaking to request bus control and start the DMA. A two- 
state loop is used to transfer each word. The first state reads the 
source data and the second state writes the destination data. 
When the DONE bit indicates that the DMA is complete, the 
state machine branches back to the reset state to wait for 
another DMA request. 


The RST signal will reset the state machine and abort the DMA. 
If bus control is revoked (HLDA is de-asserted) during a DMA, 
the state machine relinquishes bus control, suspends the trans- 
fers, and then completes the DMA when bus control is granted 
again. If the DMA request is removed (DREQ is de-asserted) 
during a DMA, the DMA controller will terminate the DMA 
and wait for another request. 


The state bits can be assigned to buried registers in the 
ATV5000, since they are only used internally. The external 
control signals are assigned to registered I/O pins in the 
ATV5000. The internal control signals are also assigned to 
registered I/O pins so that they can be fed back universally in 
the ATV5000. 


AIMEL 7-251 


AIMEL 


Figure 9. State Diagram 
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ATV5000 Resource Allocation 

The goal in allocating functions to the available resources in the 
ATV5000 is to group functions which interface each other into 
the same quadrant. This will minimize the number of signals 
which must be routed on the universal bus and minimize the 
number of universal product terms required for each logic func- 
tion. Within a quadrant, the I/O pins and associated logic are 
assigned first, and then any remaining buried resources can be 
assigned. 


In this application, the address and data bus interfaces and the 
address and word counters would ideally be located in the same 
quadrant. This would minimize the universal bus routing and 
allow the counters to use buried registers. Since there are not 
enough resources in each quadrant to fit that much logic, the 
functions must be divided into smaller pieces. Figure 10 shows 
how the logic for this application is divided and allocated into 
quadrants. 


The buses and counters are “bit-sliced” to create logic blocks 
which fit into each quadrant. The counters are divided by creat- 
ing stages with a look-ahead carry in between. The first quad- 
rant contains five bits of the data and address buses, five bits of 
each of the counters, and a carry bit from each counter. The 
second quadrant contains the next five-bit section and the third 
quadrant contains the last six-bit section. The carry bits are 
routed on the universal bus to the next quadrant. The state 
machine and command register are allocated to the fourth quad- 
rant. The internal control signals generated by the state machine 
are routed on the universal bus to all quadrants. 


Each of the counters would normally require three universal 
product terms for the load and count functions, since the control 
signals are universal. This would mean that each of the counters 
needs two sum terms in each logic cell. To avoid this, a regional 
load control signal was created in each quadrant for each of the 
counters, using the buried logic cells. Two of the counters 
universal product terms then become regional product terms, 
and the counters only require one sum term. 


Each bit of the address bus is assigned to a combinatorial I/O 
pin. Each of those logic cells has two buried registers available, 
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which are used for the address counters. The logic cell con- 
figuration is shown in Figure 4. Each bit of the data bus is as- 
signed to a registered I/O pin. Each of those logic cells has an 
additional buried register available, which is used for the word 
counter. The carry bits for the counters are assigned to 
registered I/O pins so they can be routed universally. 


The four state bits required seven, ten, four, and four product 
terms. In order to provide seven product terms, the first state bit 
was assigned to a registered I/O pin and allocated two sum 
terms. The other available register in that logic cell was as- 
signed to one of the state bits which only required four product 
terms. The logic cell configuration is shown in Figure 5. The 
state bit which required ten product terms was assigned to a 
registered I/O pin and allocated all three sum terms. The control 
signals from the state machine (both internal and external) were 
assigned to registered I/O cells. The other available buried 
registers in those logic cells were assigned to the remaining 
state bit and the command register bits. 


This application uses five input pins, 49 I/O pins and 86 flip- 
flops. There are three input pins left unassigned. Quadrants 1 
and 2 each have three buried registers and three buried logic 
cells left unassigned. Quadrant 3 has one buried register and 
three buried logic cells left unassigned. Quadrant 4 has three 
I/O logic cells, four buried registers, and six buried logic cells 
left unassigned. 


The equations and pin and node assignments used to implement 
the design are given in the ABEL™ source file at the end of this 
application note. 


Summary 

This example shows how the ATV5000 can be used to imple- 
ment a complex function. The DMA controller design uses 
many of the features of the ATV5000. It requires a few dedi- 
cated input pins and a large number of I/O pins. The internal 
counters and control can use the buried logic without sacrific- 
ing I/O pins. The design which is presented is a simplified 
DMA controller, and is meant to show the basic functions. The 
interface and timing can be tailored to a particular CPU system. 


7-253 


Figure 10. Resource Allocation 
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ABEL™ Source Code 


module DMAC ; 

title ‘DMA Controller - Example for the ATV5000 

ATMEL Corporation EPLD - (408) 436-4333 EPLD Applications Hotline 
Wendey Mueller - Sept. 15, 1992’ 


DMAC device 'P5000’; 


CLK, CS_,RST pin 1,2,323 

HLDA, DREQ pin 34,35; 

DO, D1, D2, D3 pin 4,5,6,7 istype ‘reg_d,buffer’; 
D4,D5,D6,D7 pin 8,18,19,21 istype ‘reg_d,buffer’; 
D8,D9,D10,D11 pin 22,23,38,39 istype ‘reg_d,buffer’; 
Di2,D13 ,D1i4,D15 pin 40,41,42,43 istype ‘reg_d,buffer’; 
AO,A1,A2,A3 pin 9,10,11,12 istype ‘com,buffer’ ; 
A4,A5,A6,A7 pin 13,24,25,26 istype ‘com,buffer’; 
A8,A9,A10,A11 pin 27,28,44,45 istype ‘com,buffer’; 
A12,A13,A14,A15 pin 46,47,48,49 istype ‘com,buffer’; 
R_W,M_IO pin 55,56 istype ‘’reg_d,buffer’; 

HOLD, DACK pin 57,58 istype ‘reg_d,buffer’; 

STO, ST1 pin 52,53 istype ’reg_d,buffer’; 

ST2,ST3 node 160,162 istype ‘reg_d,buffer’; 

EN, SM_IO, DM_IO node 163,164,165 istype ‘reg_d,buffer’; 
DMA_EN, BUS_OE pin 59,60 istype ‘reg_d,buffer’; 

CNTEN, LATEN pin 61,62 istype ‘reg_d,buffer’; 
CNTO,CNT1,CNT2,CNT3 node 121,122,123,124 istype ‘reg_t,buffer’ ; 
CNT4,CNT5,CNT6, CNT7 node 125,134,135,136 istype ‘reg_t,buffer’; 


CNT8,CNT9,CNT10,CNT11 node 137,138,147,148 istype ‘reg_t,buffer’ ; 
CNT12,CNT13,CNT14,CNT15 node 149,150,151,152 istype ‘'reg_t,buffer’; 


SAO,SA1,SA2,SA3 node 766,767,768,769 istype ‘reg_t,buffer’; 
SA4,SA5,SA6,SA7 node 770,779,780,781 istype ‘reg_t,buffer’ ; 
SA8,SA9,SA10,SA11 node 782,783,793,794 istype ‘reg_t,buffer’ ; 
SA12,SA13,SA14,SA15 node 795,796,797,798 istype ‘reg_t,buffer’; 
DAO ,DA1,DA2,DA3 node 126,127,128,129 istype ‘reg _t,buffer’ ; 
DA4,DA5,DA6,DA7 node 130,139,140,141 istype ’reg_t,buffer’ ; 
DA8,DA9,DA10,DA11 node 142,143,153,154 istype ‘reg_t,buffer’; 
DA12,DA13,DA14,DA15 node 155,156,157,158 istype ‘reg_t,buffer’; 
SCARRY1,SCARRY2 pin 14,29 istype ‘reg_d,buffer’; 
DCARRY1,DCARRY2 pin 15,30 istype ‘reg_d,buffer’; 
CCARRY1,CCARRY2 pin 17,31 istype ‘reg_d,buffer’; 

DONE pin 51 istype ‘com,buffer’; 

LDSRC1, LDSRC2 , LDSRC3 node 173,179,185 istype ‘com,buffer’; 
LDDST1, LDDST2 , LDDST3 node 174,180,186 istype ‘’com,buffer’ ; 
LDCNT1, LDCNT2 , LDCNT3 node 175,181,187 istype ‘com,buffer’; 


Crh he Se, D, Bb = Cay Kags yg oS0 9 Ue yg «Deed, OF 
"CREATE BUSES 


DATABUS = [D15..D0]; "data bus 
DATA = [D4..D0); DATB = [D9..D5]); DATC = [D15..D10]); 
DLSB = [D7..D0]; 


ADDR = [A15..A0]; "address bus 
ALSB = [A7..A0]; 


WRDCNT = [CNT15..CNT0O]; "word count 
CNTLSB = [CNT7..CNTO]); 
CNTA = [CNT4..CNTO]; CNTB = [CNT9..CNT5]; CNTC = [CNT15..CNT10]; 


SRCADR = [SA15..SA0]; "source address 
SRCA = [SA4..SA0]; SRCB = [SA9..SA5]; SRCC = [SA15..SA10]; 
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SRCLSB = [SA7..SA0]; 

DSTADR = [DA15..DA0]; "destination address 

DSTA = [DA4..DA0]; DSTB = [{DA9..DA5]; DSTC = [DA15..DA10]; 
DSTLSB = [{DA7..DAQO]; 

COMMAND = [EN,DM_IO,SM_IO]; "command register 


STMACH = [ST3,ST2,ST1,ST0O]; "state bits 
STDATA [CNTEN , LATEN, DMA_EN, BUS_OE,M_IO,R_W,DACK,HOLD]; "state machine outputs 


"DEFINE STATES 
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"Register select for initialization 


"Al AO register selected 


. 0 0 Command register 

* 0 I Source address register 

ms 0 Destination address register 
= ot 1 Word count register 
EQUATIONS 


M_IO.OE = DMA_EN; "M_IO and R_W are control outputs during DMA 
R_W.OE = DMA_EN; 


ADDR = (!BUS_OE & SRCADR.FB) "Select source or destination address 
# (BUS_OE & DSTADR.FB); 
ADDR.OE = DMA_EN; "Address output during DMA 
DATABUS.D = (DATABUS & LATEN) "Clock in data on input bus if 
# (DATABUS.FB & !LATEN); "LATEN is true 
DATABUS.CRK = iCLKS 
DATABUS.OE = BUS_OE; "Data output to destination during DMA 
COMMAND.D = [D2,D1,D0]; "load command register 


COMMAND.CK = CLK & !CS_ & RLW & !Al & !A0; 
COMMAND.AR = DONE; 


LDSRC1 = !CS_ & RLW & !Al & AO; "create regional controls for 
LDSRC2 = !CS_ & R_LW & !Al & AO; “Source address counter 

LDSRC3 = !CS_ & RW & !Al & AO; 

LDDST1 = !CS_ & R_LW & Al & !A0; "create regional controls for 
LDDST2 = !CS_ & R_LW & Al & !A0; "destination address counter 
LDDST3 = !CS_ & R_W & Al & !A0O; 

LDCNT1 = !CS_ & R_W & Al & AO; "create regional load controls for 
LDCNT2 = !CS_ & R_W & Al & AO; “word counter 
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LDCNT3 = !CS_ & R_W & Al & AO; 


"Source address counter - 16-bit up-counter w/ parallel load 


. 3 stages with look-ahead carry in between 
SRCC.T = ((SRCC.FB + 1) $ SRCC.FB) & CNTEN & SCARRY2 & SCARRY1 "count 
# (DATC.FB $ SRCC.FB) & LDSRC3; "load 
SRCB.T = ((SRCB.FB + 1) $ SRCB.FB) & CNTEN & SCARRY1 "count 
# (DATB.FB $ SRCB.FB) & LDSRC2; "load 
SRCA.T = ((SRCA.FB + 1) $ SRCA.FB) & CNTEN "count 
# (DATA.FB $ SRCA.FB) & LDSRC1; "load 


SRCADR.CK = CLK; 


SCARRY1.D = (SRCA.FB == “h1E) & CNTEN "source address 1st stage carry 
# SCARRY1.FB & !CNTEN; 

SCARRY1.CK = CLK? 

SCARRY2.D = (SRCB.FB == “h1F) & CNTEN “source address 2nd stage carry 
# SCARRY2.FB & !CNTEN; 

SCARRY2.CK = CLK; 


"Destination address counter - 16-bit up-counter w/ parallel load 


. 3 stages with look-ahead carry in between 
DSTC.T = ((DSTC.FB + 1) $ DSTC.FB) & CNTEN & DCARRY2 & DCARRY1 "count 

# (DATC.FB $ DSTC.FB) & LDDST3; "load 
DSTB.T = ((DSTB.FB + 1) $ DSTB.FB) & CNTEN & DCARRY1 "count 

# (DATB.FB $ DSTB.FB) & LDDST2; "load 
DSTA.T = ((DSTA.FB + 1) $ DSTA.FB) & CNTEN "count 

# (DATA.FB $ DSTA.FB) & LDDST1; "load 


DSTADR.CK = CLK; 

DCARRY1.D = (DSTA.FB == “h1E) & CNTEN "destination address 1st stage carry 

# DC CARRY1.FB> & !CNTEN; 

DCARRY1.CK = CLK; 

DCARRY2.D = (DSTB.FB == “h1F) & CNTEN "destination address 2nd stage carry 
# DCARRY2.FB & !CNTEN; 

DCARRY2.CK = CLE; 


"Word counter - 16-bit down-counter w/ parallel load 


. 3-stages with look-ahead carry in between 

CNTC.T = ((CNTC.FB - 1) $ CNTC.FB) & CNTEN & CCARRY2 & CCARRY1 "count 
# (DATC.FB $ CNTC.FB) & LDCNT3; "load 

CNTB.T = ((CNTB.FB - 1) $ CNTB.FB) & CNTEN & CCARRY1 "count 
# (DATB.FB $ CNTB.FB) & LDCNT2; "load 

CNTA.T = ((CNTA.FB - 1) $ CNTA.FB) & CNTEN “Count 
# (DATA.FB $ CNTA.FB) & LDCNT1; "load 


WRDCNT.CK = CLK; 

CCARRY1.D = (CNTA.FB == “*h0O1) & CNTEN "word count list stage carry 

# CCARRY1.FB & !CNTEN; 

CCARRY1.~CK = CLK; 

CCARRY2.D = (CNTB.FB == “h00) & CNTEN “word count 2nd stage carry 
# CCARRY2.FB & !CNTEN; 

CCARRY2.CK = CLE; 


DONE = (CNTC.FB == 0) & CCARRY1 & CCARRY2; "Detects when DMA is complete 


STMACH .CK CLK; 
STDATA.CK = CLK; 


"State Machine Controller - 


"Inputs: RST,EN,SM_IO, DM_IO, DREQ, HLDA, DONE 
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"Outputs: CNTEN, LATEN, DMA_EN, BUS_OE,M_IO,R_W,DACK, HOLD 


STATE_DIAGRAM STMACH 


STATE S0:; "Reset, idle state 
IF (EN & !RST) THEN "If DMA is enabled, go to state l 
S1 WITH STDATA.D = [0,1,0,0,0,0,0,0]; ENDWITH; 
ELSE "else, wait for enable 


SO WITH STDATA.D [0,1,0,0,0,0,0,0]; ENDWLTH; 


STATE S11: "DMA enabled, wait for DMA request 
IF (!EN # RST) THEN "If disabled or reset, return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0]: ENDWITH; 
ELSE IF (DREQ) THEN "If DMA requested, go to state 2 
S2 WITH STDATA.D = [0,1,0,0,0,0,0,1]; ENDWITH; 
ELSE "else, wait for DMA request 


S1 WITH STDATA.D 


(0,1,0,0,0,0,0,0]); ENDWITH; 


STATE S2: "DMA requested, issue bus request 

IF (!EN # RST) THEN "If disabled or reset, return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0); ENDWITH; 

ELSE IF (!DREQ) THEN "If DMA request was removed, return to state 1 
S1 WITH STDATA.D = [0,1,0,0,0,0,0,0]); ENDWITH; 

ELSE IF (HLDA) THEN "If bus control granted, go to state 3 
S3 WITH STDATA.D = [0,1,0,0,0,0,1,1]; ENDWITH; 

ELSE "else, wait for bus control 


S2 WITH STDATA.D [0,1,0,0,0,0,0,1]; ENDWITH; 


STATE S3: "Bus granted, issue DMA acknowledge 
IF (!EN # RST) THEN "If disabled or reset, return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0]+ ENDWITH; 
ELSE IF (!DREQ) THEN "If DMA request was removed, return to state 1 
S1 WITH STDATA.D = [0,1,0,0,0,0,0,0]; ENDWITH; 
ELSE IF (!HLDA) THEN "If bus control was revoked, return to state 2 


S2 WITH STDATA.D = [0,1,0,0,0,0,0,1]; ENDWITH; 
ELSE IF (SM_IO & !DM_IO) THEN "Start DMA: Memory - I/O Device 
S4 WITH STDATA.D = [0,1,1,0,1,0,1,1]; ENDWITH; 
ELSE IF (!SM_IO & DM_IO) THEN "Start DMA: I/O Device - Memory 
S6 WITH STDATA.D = [0,1,1,0,0,0,1,1]; ENDWITH; 
ELSE IF (SM_IO & DM_IO) THEN "Start DMA: Memory - Memory 
S8 WITH STDATA.D = [0,1,1,0,1,0,1,1]7 ENDWITH; 
ELSE IF (!SM_IO & !DM_IO) THEN "Start DMA: I/O Device - I/O Device 
S10 WITH STDATA.D = [0,1,1,0,0,0,1,1]; ENDWITH; 


STATE S4: "DMA cycle, memory read 
IF (!DREO # RST) THEN "If DMA request removed or reset, return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0]); ENDWITH; 
ELSE “else, continue DMA transfer 


S5 WITH STDATA.D [he Oeisrde Os ledsa bly ENDWITH; 


STATE S5: "DMA cycle, I/O device write 
IF (!DREQ # RST # DONE) THEN "If DMA request removed, reset or done, 
"return to state 0 
SO WITH STDATA.D = [{0,1,0,0,0,0,0,0]; ENDWITH; 


ELSE IF (!HLDA) THEN "If bus control revoked, return to state 2 
S2 WITH STDATA.D = [0,1,0,0,0,0,0,1]; ENDWITH; 
ELSE "else, continue DMA transfer 


S4 WITH STDATA.D = [0,1,1,0,1,0,1,1]; ENDWITH; 


STATE S6: "DMA cycle, I/O device read 
IF (!DREQ # RST) THEN "If DMA request removed or reset, return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0]; ENDWITH; 
ELSE "else, continue DMA transfer 


SJ WITH STDATA.D = {1,0,1,1,1,1,1,1)% ENDWITH; 
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STATE S7: "DMA cycle, memory write 
IF (!DREQ # RST # DONE) THEN "If DMA request removed, reset or done, 
"return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0]; ENDWITH; 


ELSE IF (!HLDA) THEN "Tf bus control revoked, return to state 2 
S2 WITH STDATA.D = [0,1,0,0,0,0,0,1]; ENDWITH; 
ELSE "else, continue DMA transfer 


S6 WITH STDATA.D = [0,1,1,0,0,0,1,1]; ENDWITH; 


STATE S8: "DMA cycle, memory read 
IF (!DREQ # RST) THEN "If DMA request removed or reset, return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0]; ENDWITH; 
ELSE "else, continue DMA transfer 


S9 WITH STDATA.D = [1,0,1,1,1,1,1,1]; ENDWITH; 


STATE S9: "DMA cycle, memory write 
IF (!DREQ # RST # DONE) THEN "If DMA request removed, reset or done, 
"return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0]; ENDWITH; 


ELSE IF (!HLDA) THEN "If bus control revoked, return to state 2 
S2 WITH STDATA.D = [0,1,0,0,0,0,0,1]; ENDWITH; 
ELSE "else, continue DMA transfer 


S8 WITH STDATA.D (0,1,1,0,1,0,1,1]; ENDWITH; 


STATE S10: "DMA cycle, I/O device read 
IF (!DREQ # RST) THEN "If DMA request removed or reset, return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0]; ENDWITH; 
ELSE "else, continue DMA transfer 


S11 WITH STDATA.D = [1,0,1,1,0,1,1,1]; ENDWITH; 


STATE S11: "DMA cycle, I/O device write 
IF (!DREQ # RST # DONE) THEN “If DMA request removed, reset or done, 
"return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0]; ENDWITH; 


ELSE IF (!HLDA) THEN "If bus control revoked, return to state 2 
S2 WITH STDATA.D = [0,1,0,0,0,0,0,1]; ENDWITH; 
ELSE "else, continue DMA transfer 


S10 WITH STDATA.D = [0,1,1,0,0,0,1,1]; ENDWITH; 


"This set of test vectors initializes the source address, destination address, 
"word count and command data. 


TEST_VECTORS ( 


[CLK,RST,CS_,M_IO,R_W,ALSB,DLSB] - [SRCLSB,DSTLSB, CNTLSB, COMMAND] ) 
[ae OF de Oy 1, ‘D;, 0 h= [ Oy 0, 0, 0 ]; 
{ 1, 1, 1, 9, ly OO, 0 }=-[ QQ, 0, Dy 0 ly 
[ Re Dy G@, Oy 1; iL, GOA J] = [O00AK, 0, QO; 0 eS 
(K, 0, O, 90, 1, 2, OBO Jj - [0O0A, OBO, 0, 0 }? 
[ Kk, O, 0, @, ly 3, 803 } = [OOA, OBO, 003, 0 )3 
{[ K, QO, 0, O, i, O, OOF |] = [00A, OBO, 003, 7 }? 


"This set of test vectors performs a DMA transfer using the addresses and word 
"count which was loaded. 


TEST_VECTORS ( 


[CLK,RST,CS_,ALSB,DLSB,DREQ,HLDA] - [STMACH, STDATA,SRCLSB, DSTLSB,CNTLSB, DONE 


] ] 
f dy Oy de Oy 0, 0, 0 J} - (1, xy OA, OBO, 03, ) eS 
_t, &, ry @, 0, 0, 0 } = [hs X, OA, OBO, 03, 0 is 
[ Cy Oy de WU, 0, 1, 0 | = [2,3 X, OA, OBO, O03, 0) ig 
{ €, 0, 1, OQ, 0, 1, 1 | = a, X, OA, OBO, 03, 0 1; 
[ G, OB, de Os Bo, ds a } = (6, O6B, OA, OBO, 03, 0 i; 
(i BO Le By 0, 1, ui |. = (9, OBF, OA, OBO, 03, 0 ]; 
[ €, 0, 1, QO, 66, i, 1 J - (8, O6B, OB, OB1, OL» 0 li 
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Using the Programmable Polarity Control 


The output programmable polarity control 
in PLDs brings efficiency in logic reduction 
and control of output polarity to the cus- 
tomers. Unfortunately, it also brings con- 
fusion to customers who are not familiar with 
the software syntax to properly configure 
the output polarity. 


This application note shows the proper 
usage of the popular ABEL™ and CUPL™ 
syntax to configure the output polarity of 
Atmel EPLDs. 


Configuring Polarity with 
Atmel-ABEL™ 4.x and 
ABEL™ 4.x 


The optimization level best suited for 
Atmel EPLDs is the default option — reduce 
by pin and auto polarity. This reduction 
level will take advantage of the polarity 
control when performing logic optimiza- 
tion one output at a time. This will override 
the ISTYPE ’NEG’ and ISTYPE ’POS’ 
used in ABEL™ 3.x source files (check the 
user manual on backward compatibility for 
detail). Therefore, the NEG’ and ’POS’ ex- 
tensions are not recommended. 


The following examples have A, B, and C 
defined as inputs and OUT or !OUT as the 
output: 


Case 1: (Combinatorial - no ISTYPE 
definition) 

Declaration 

OUT pin 14; 

“assume 14 is an I/O pin 


equations 
OUT = A # B # C; 


In this case, the compiler will consider both 
Figure 1 (on-set) and Figure 2 (off-set) and 
automatically select the implementation re- 
quiring fewer product terms for the same 
function. The outcome is represented by 
Figure 2. Since Figures 1 and 2 are each 
DeMorgan equivalent of the other, either 
one is logically correct. 


Case 2: (Combinatorial - ISTYPE 
‘BUFFER’) 

Declaration 

OUT pin 14 ISTYPE ‘buffer’; 
“assume 14 is an I/O pin 
equations 

OUT = A # B #C; 


In this case, the compiler will only consider 
the on-set because the ISTYPE ’BUFFER’ 
overrides the automatic selection. The out- 
come is represented by Figure 1. 


Case 3a: (Combinatorial - ISTYPE 
INVERT’) 


Declaration 


OUT pin 14 ISTYPE ‘invert’; 
“assume 14 is an I/O pin 


equations 
OUT = A # B # C; 


In this case, the compiler will only consider 
Figure 2 (off-set) because the ISTYPE 
“INVERT?” overrides the automatic selection. 
The outcome is represented by Figure 2. 


Case 3b: (Combinatorial - no ISTYPE 
definition) 


Declaration 

!OUT pin 14; 

“assume 14 is an I/O pin 
equations 

OUT = A # B # C; 


The compiler would pick Figure 3 to imple- 
ment the logic because it takes fewer product 
terms. In ABEL™ documentation, signals 
on the right side of the equation do not have 
“!” as part of their names. ABEL™ preproces- 
sor will remove the “!” from the pin name 
on the right side of the equation and replace 
all references on the left side with an addi- 
tional “!”. Logically, this does not change 
anything. It does, however, tend to create 
some confusion reading the .DOC files. In 
the source file, the user should still use 
whatever pin name is given in the declara- 
tion section. All references to the pin or .FB 
feedbacks will be adjusted by the software 
to reflect the changes automatically. 
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Case 3c: (Combinatorial - ISTYPE INVERT’) 


Declaration 

!OUT pin 14 ISTYPE ‘invert’; 
“assume 14 is an I/O pin 
equations 

OUT = A # B # C; 


The compiler would pick Figure 4 to implement the logic. 


For combinatorial equations, it is best to leave out the ISTYPE 
statement and let the optimizer choose the best DeMorgan 
equivalent implementation. 


ABC 
Figure 1. 

ABC 
Figure 2. 
Figure 3. ABC 
Figure 4. ABC 


Case 4: (Registered - no ISTYPE definition) Beware! 
Declaration 

OUT pin 14; 

“assume 14 is an I/O pin 


equations 
OUT.d =A#B#C; 
OUT.¢Gc = CLK» 


OUT.ar = AR1; 


The pre-processor will warn you for not specifying the ISTYPE 
of the output. In this case, the compiler will use the fewest 
product term implementation (Figure 6). This might not be what 
the user is expecting. 


Note: 

1. Figure 5 and Figure 6 do not produce identical results. In Fig- 
ure 5, at power up or after a reset, the output pin appears to be 
a “0.” Unlike Figure 5, Figure 6 powers up and resets to a “1” 
on the output. Preset and preload behave differently between 
the two as well. In some applications where power-up state 
of a register is not important and it never resets or presets, 
Figures 5 and 6 become identical. Only in this case are they 
logically equivalent. When using a registered output, always 
specify the ISTYPE desired. 
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Pin name 


(OUT) 


Pin name 


(OUT) 


Pin name 
(1OUT) 


Pin name 
(1OUT) 


Case 5: (Registered - ISTYPE 'BUFFER’) 


Declaration 

OUT pin 14 ISTYPE ‘buffer’; 
“assume 14 is an I/O pin 
equations 

OUT.d =A # B # C; 

OUT .@ = CLE 

OUT.ar AR1; 


The compiler will only consider Figure 5 (on-set) because the 
ISTYPE ’BUFFER’ overrides the automatic selection. 


Case 6: (Registered - ISTYPE INVERT’) Be careful! 


Declaration 

OUT pin 14 ISTYPE ‘invert’; 
“assume 14 is an I/O pin 
equations 

OUT.d =A #B # C; 

OUT .c = CLK; 

OUT.ar AR1; 


The compiler will only consider Figure 6 (off-set) because the 
ISTYPE INVERT” overrides the automatic selection (see Note 1 
on Case 4). 
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Case 7: (Registered - ISTYPE BUFFER’) Confusing — 
don't use. 

Declaration 

!OUT pin 14 ISTYPE ‘buffer’; 

“assume 14 is an I/O pin 


equations 

OUT.d =A # B # C; 
OUT.c = CLK? 

OUT .ar = ARI: 


The compiler will only consider Figure 7 (on-set) because the 
ISTYPE ’BUFFER’ overrides the automatic selection. 


ABC 
Figure 5. 
Figure 6. ABC 
Figure 7. ABC 
D 
Figure 8. ABC 


Case 8: (Registered - ISTYPE 'INVERT’) 


Declaration 
!OUT pin 14 ISTYPE ‘invert’; 
“assume 14 is an I/O pin 


equations 

OUT.d =A #B#C; 
OUT.¢ = CLK: 
OUT.ar = AR1; 


The compiler will only consider Figure 8 (off-set) because the 
ISTYPE ’INVERT’ overrides the automatic selection. In 
ABEL™ documentation, the pin name will be stripped of the 
“!”, It will replace all pin name references with an additional “!” 
on the right-hand side of the equations. 


Pin name 
(OUT) 


Pin name 
(OUT) 


Pin name 
(OUT) 


Pin name 
(!OUT) 
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Configuring Polarity with internal Nodes 
Internal nodes do not have programmable polarity control. Do Case 2: (Figure 10) 
not use any ISTYPE extensions. Think of it as “positive logic” 


Declaration 
only. OUT node 50; 
Case 1: (Figure 9) "assume 50 is an internal node 
; equations 

Declaration OUT.d =A #B#C; 
OUT node 50; 
"assume 50 is an internal node iG S Chee 

; OUT.ar = ARI1; 
equations 
OUT = A # B # C; The above example is the only legal method of assigning 


equations to nodes. 


Figure 9. ABC 


Figure 10, 


(OUT) node 
name 
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Configuring Polarity with CUPL™ 

Note that CUPL™ has no “buffer/invert” ISTYPE statement. 
Output polarity is controlled by pin declaration versus equation 
polarity. 

Case 1: (Combinatorial) 


PIN 14 OUTC; /* assume 14 is an I/O pin */ 
OUTC = A # B # C; 


The compiler would choose Figure 11. It does not choose the 
better DeMorgan equivalent automatically. If your equation 
does not fit, you should check to see if you can rewrite it as: 


PIN 14 OUTC; 


!OUTC = !A & !B & !C; 


Case 2: (Combinatorial) 
PIN 14 !OUTC; /* assume 14 is an I/O pin */ 
OUTC = A # B # C; 


The compiler would choose Figure 12. The difference between 
the pin declaration (!OUTC) and the equation name (OUTC) 
tells the compiler to have an inverter on the output and to imple- 
ment the equations as specified by the equation. 


Case 3: (Registered) 


PIN 14 OUTC; /* assume 14 is an I/O pin */ 
OUTC.d =A # B # C; 
OUTC.ck = CLK; 


The compiler would choose Figure 13. The pin name and the 
equation name are identical; the compiler does not place an in- 
verter on the output. 


Case 4: (Registered) 


PIN 14 !OUTC; /* assume 14 is an I/O pin */ 
OUTC.d = A # B # C; 
OUTC.ck = CLK; 


The compiler would choose Figure 14. The difference between 
the pin declaration (!OUTC) and the equation name (OUTC) 
tells the compiler to have an inverter on the output and to imple- 
ment the equations as specified by the equation. CUPL™ main- 
tains the !OUTC on the pinout diagram documentation and 
equation name OUTC in the reduced equation portion of the 
documentation. 


Both ABEL™ and CUPL™ conventions for handling signal 
polarity have drawn praises and criticisms. Help on the software 
is readily available from Data I/O Corporation (ABEL™), 
Logical Devices, Incorporated (CUPL™), and Atmel. Don’t 
hesitate to call for help. 


Pin name 
(OUT) 


Pin name 
(!1OUT) 


Figure 11. ABC 
Figure 12. ABC 
Figure 13. ABC 
Figure 14, 


Pin name 
(OUT) 


Pin name 
(!OUT) 
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PEROMs (Flash) 


EPROMs 
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PROMs 
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Section 8 

CMOS Gate Arrays 

ATL Series 4K-160K Gates 1.0-Micron CMOS Gate Array Series................ 8-3 
ATL80 Series 14K-580K Gates 0.8-Micron CMOS Gate Array Series................ 8-15 


Gate Array Application Notes 
PPGA/IEPLD t) Galt Array COnvibtslon ssiiincsevicianscsvincasanesnannsunstiasansicsmensnsnnnnskainwannctinee 8-27 
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ATL Series Macrocell Index 
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Features 
¢ 1.0 ». Drawn Gate Length High-performance CMOS Gate Arrays 


¢ All ATL Gate Arrays are Specified from 3.0 Volts to 5.5 Volts, for 
Standard and Low Voltage Applications 

¢ Design Translation of Existing ASIC Designs Provide for Easy 
Alternate Sourcing with Equivalent or improved Performance 

¢ EPLD/FPGA Conversions to ATL Gate Array, Several EPLD and 
FPGA can be Combined Into a Single Gate Array. 

¢ ATL C Version, Fine Pad Pitch Gate Arrays are Ideal for High V/O, 


ATL 


Low Gate Count Designs (Commercial, Industrial Only) : 
¢ ATL Gate Arrays can be Supplied Compliant to MIL-STD-883 Series 
¢ Improved Product Testability Using Serial Scan, Boundary Scan, G ate 


JTAG and Bullt-in-self-test 
Arrays 


Description 

The high-performance ATL Series CMOS gate arrays employ 1.0 ,1-drawn, double- 
level metal, Si-gate, CMOS technology processed in Atmel's U.S.-based, advanced 
manufacturing facility. The arrays utilize an enhanced channelless architecture 


ATL4 


which results in greater than 50 percent usable gates. ATL1 0 
el's flexible design system uses industry design standards and is compatibl 
aa vopiler CADICLE aahwate and bie ae “The ene ee ATL20 
start designing with the ATL series today using existing CAD/CAE tools. ATL 40 
ATL60 
ATL75 
ATL100 
ATL130 
str ATL1 60 
| | ATL7C 
ae ATL10C 
cz E ATL15C 
" am wt in ATL20C 
HH 
ATL35C 
ATL55C 
ATL75C 
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ATL Array Organization 


Routable 
Gates 


Maximum 
Gates 


Device 
Number 


2,600 

6,500 
12,000 
22,000 
30,000 
38,000 
50,000 
67,000 
80,000 


ATL4 
ATL10 
ATL20 
ATL40 
ATL60 
ATL75 
ATL100 
ATL130 
ATL160 


4,100 
10,000 
22,000 
40,000 
57,000 
72,000 
95,000 

131,000 
157,000 


Gate(2) 
Speed 
375 ps 
375 ps 
375 ps 
375 ps 
375 ps 
375 ps 
375 ps 
375 ps 
375 ps 


Max 1/O(1) 
Pins 


ATL C Array Organization - Fine Pad Pitch 


Maximum 
Gates 


Routable 
Gates 


Device 
Number 


ATL7C 
ATL10C 


7,000 
10,000 
15,000 
22,000 
35,000 
55,000 
75,000 


4,000 
6,000 
8,000 
12,000 
18,000 
29,000 
39,000 


ATL15C 
ATL20C 
ATL35C 
ATL55C 
ATL75C 


Notes: 


Gate(2) 
Speed 
375 ps 
375 ps 
375 ps 
375 ps 
375 ps 
375 ps 
375 ps 


1. Absolute maximum I/O pins is maximum pin count minus 8. Additional power and ground pins are assumed to be 


required to support simultaneous switching outputs as pin count increases. 


2. Nominal 2 input nand gate with a fan out of 2 


ATL Design 


Design Systems Supported 

Atmel supports the major CAE/CAD software systems 
with complete macro cell libraries (symbols, timing and 
function), as well as utilities for checking the netlist and 
accurate pre-route delay simulations. Atmel uses Cadence’s 
Verilog-XL as our golden simulator. The following design 
systems are supported: 

Mentor Dazix 
Racal-Redac 


Cadence 
Valid 


Viewlogic 
Synopsys 


Design Flow 

While Atmel provides four options for implementing a gate 
array design, they all have the same flow. Data base 
acceptance is the first milestone. This is when Atmel 
receives and accepts the complete design data base. 
Preliminary design review is where the performance of the 
design is set based on the Cadence simulation. Final design 
review is the last review of the design before making masks. 
The back annotation data is incorporated into the simulations. 
After final design review masks are released and prototypes 
in ceramic packages are delivered. 
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ATL 


ATL Gate Array Design Flow 


Customer Atmel Cell | Gate vray 
Library ign 
Translation 


Customer 


Customer 


Customer Prototype Delivery 


Design Options 

Schematic Capture 

Schematic capture and simulation are performed by the 
customer using an Atmel supplied macro cell library. The 
customer can also receive complete back annotation delay 
data for post-route simulation. 


VHDL/Verilog-HDL 

Atmel can accept Register Transfer level (RTL) designs for 
VHDL (MIL-STD-454, IEEE STD 1076) or Verilog-HDL 
format. Atmel fully supports Synopsys for VHDL simula- 
tion as well as synthesis. Design via VHDL or Verilog- 
HDL is the preferred method of performing a gate array 
design. 


ASIC Design Translation 
Atmel has successfully translated dozens of existing de- 
signs from most major ASIC vendors (LSI Logic, Oki, 


AIMET 


Design 
Synthesis bevederil a Atmel 


Atmel 


Atmel 


lew 


Atmel 
Atmel 


Atmel 


Atmel 


NEC, Fujitsu and others) into our ATL series gate arrays. 
These designs have been optimized for speed, gate count, 
modified to add logic or memory, or replicated for a pin- 
for-pin compatible, drop-in replacement. 


FPGA and EPLD Conversions 

Atmel has successfully translated existing FPGA/EPLD 
designs from most major vendors (Xilinx, Actel, Altera, 
AMD & Atmel) into our ATL series gate arrays. The 
design can be optimized for speed or power consumption, 
modified to add logic or memory or replicated for a pin-for- 
pin compatible, drop-in replacement. Atmel frequently 
combines several devices onto a single gate array. 
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ATL Series Cell Library 


Atmel’s ATL series gate arrays use cells from an 
accurately modeled and highly flexible library, The cell 
library contains over 120 hard-wired data path elements 
and has been characterized via extensive SPICE modeling 
at the transistor level and verified through measurements 
made on fabricated test arrays. Characterization has been 


Cell Guide 
Buffers and Inverters 


1x Buffer 

2x Buffer 

2x Buffer with Enable 
2x Buffer with Enable Low 
3x Buffer 

4x Buffer 

8x Buffer 

12x Buffer 

16x Buffer 

Delay Buffer 2.0 ns 
Delay Buffer 3.5 ns 
Delay Buffer 8.0 ns 


AND, NAND, OR, NOR Gates 


2 input AND 
2 input AND with High Drive 


3 input AND 

3 input AND with High Drive 
4 input AND 

4 input AND with High Drive 
5 input AND 

2 input NAND 

Dual 2-input NAND 

2 input NAND with High Drive 
3 input NAND 

3 input NAND with High Drive 
4 input NAND 

4 input NAND with High Drive 
5 input NAND 

5 input NAND with High Drive 
6 input NAND 

6 input NAND with High Drive 
8 input NAND 

8 input NAND with High Drive 


performed over the military temperature and voltage 
ranges, to ensure that the simulation accurately predicts 
the performance of the finished product. Atmel is 
continually expanding the ATL series cell library with both 
soft and hard macros. Check with your sales 
representative for the most recent additions. 


1x Inverter 

Dual 1x Inverter 
Quad 1x Inverter 
Quad Tri-state Inverter 
2x Inverter 

Dual 2x Inverter 

2x Tri-state Inverter 
3x Inverter 

4x Inverter 

8x Inverter 

10x Inverter 


2 input NOR 

Dual 2 input NOR 

2 input NOR with High Drive 
3 input NOR 

3 input NOR with High Drive 
4 input NOR 

4 input NOR with High Drive 
5 input NOR 

8 input NOR 

16 input NOR with High Drive 
2 input OR 

2 input OR with High Drive 
3 input OR 

3 input OR with High Drive 
4 input OR 

4 input OR with High Drive 
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Cell Guide 


Multiplexers 


2:1 MUX 

2:1 MUX with High Drive 

inverting 2:1 MUX w/o Buffered Inputs 

inverting 2:1 MUX w/o Buffered Inputs, High Drive 
2:1 MUX with Enable Low 

Quad 2:1 MUX with Enable 

Quad 2:1 MUX 

Inverting 3:1 MUX w/o Buffered Inputs 

Inverting 3:1 MUX w/o Buffered Inputs, High Drive 


4:1 MUX 

4:1 MUX w/o Buffered Inputs 

4:1 MUX w/o Buffered Inputs, High Drive 
5:1 MUX with High Drive 

8:1 MUX 

8:1 MUX with Enable Low 

8:1 MUX High Drive 


AND/OR, OR/AND Gates 


3 input AND OR INVERT 
3 input AND OR INVERT with High Drive 
4 input AND OR INVERT 
4 input AND OR INVERT with High Drive 
6 input AND OR INVERT 
6 input AND OR INVERT with High Drive 


3 input OR AND INVERT 

3 input OR AND INVERT with High Drive 

4 input OR AND INVERT 

4 input OR AND INVERT with High Drive 

8 input OR AND INVERT 

4 input OR AND INVERT with 2 inputs to AND 


Exclusive OR/NOR Gates 


1 bit Adder 
1 bit Adder with Buffered Outputs 
7 input Carry Lookahead 


2 input Exclusive OR with High Drive 
2 input Exclusive NOR 
2 input Exclusive NOR with High Drive 


2 input Exclusive OR 


2:4 Decoder 3:8 Decoder with Low Enable 
2:4 Decoder with Low Enable 


Flip-flops/Latches 


D Flip-flop LATCH 

D Flip-flop with Clear/Preset LATCH with Complementary Outputs 

D Flip-flop with Clear LATCH with Inverted Gate Signal 

D Flip-flop with High Drive QUAD LATBG with Common Gate Signal 
D Flip-flop with Reset LATCH with High Drive 

D Flip-flop with Set QUAD Inverting LATCH 

D Flip-flop with Set/Reset LATCH with Reset 

JK Flip-flop LATCH with Set 

JK Flip-flop with Clear/Preset LATCH with Set and Reset 

JK Flip-flop with Clear 
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Cell Guide 


Scan Celis 


Set-scan Register Set-scan Register with Set 
Set-scan Register with Clear and Preset Set-scan Register with Set and Reset 
Set-scan Register with Reset 


/O Options | 


Input, Output, Bidirectional, Tristate Output, Internal Clock Driver and Oscillator 

Output Drive Value Programmable from 2 mA to 24 mA in 2 mA increments with Slew Rate Control 
CMOS or TTL Operation 

Schmitt Trigger (Bidirectional, Input) 

Testable NAND Gate on Input (Bidirectional, Input) 

Inverting and Non-inverting Input Buffers (Bidirectional, Input) 

Pullup Resistor - 10K Q to 310K Q 

Pulldown Resistor - 3.5K Q to 108.5K Q 


74XX Series Soft Macros 
24 cells available 


HDL Macros - Available in Verilog-HDL or VHDL Simulation Models 
Function Group Available Cells 
37 


adder 

alu 

baud rate generator 
comparator 

counter 

fifo 
incrementor/decrementor 
mux 

parity/error correction 
scan 

shifter 

multipliers 
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CMOS/TTL Input Interface Characteristics 


Interface 
CMOS 


Logic High 
3.5 V Minimum 


Absolute Maximum Ratings* 


Operating Temperature 
Storage Temperature 


Voltage on Any Pin 


with Respect to Ground ................... .-2.0 V to +7.0 V1 


Maximum Operating Voltage ..............:cceeeeeeeeeee 6.0 V 


5.0 Volt DC Characteristics 


TTL 2.0 V Minimum 0.8 V Maximum 1.4 V Typical 


-55°C to +125°C 


-65°C to +150°C 


Logic Low Switchpoint 


1.5 V Maximum Vaa/2 Typical 


*NOTICE: Stresses beyond those listed under "Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions beyond those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


Notes: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V for 
pulses of less than 20 ns. Maximum output pin voltage is Vgg + 0.75 V 
dc which may overshoot to +7.0 V for pulses of less than 20 ns. 


Applicable over recommended operating range from Tg = -55°C to +125°C, Vag = 4.5 V to 5.5 V (unless otherwise noted) 


ae Parameter Test Condition Units 


Input Leakage High 

lit Input Leakage Low (no pull-up) 
40K pull-up 

loz Output Leakage (no pull-up) 


Output Short Circuit Current 
(3 x Buffer) 


TTL Input Low Voltage 
CMOS dak Low Voltage 


los 


CMOS Input High Voltage 


TTL Switching Threshold 
CMOS Switching Threshold 


Output Low Voltage 

Output buffer has 

12 stages of drive 

Capability with 2 MA Io, per stage. 


Output High Voltage 
Output buffer has 
12 stages of drive 


VoH 


Capability with -2 MA lox per stage. 


Note: 


Vin = Vad, Vdd = 5.5 V 


Vin = Vss, Vdd = 5.5 V 
Vin = Vss, Vad = 5.5 V 


-10 


-325 -160 


Vin = Vag Or Vss, Vag = 5.5 V -10 01 


Vag = 5.5 V, Vout = Vad 10 50 
Vdd = 5.5V, Vout = Vss -100 -50 


100 
-10 


Vag = 5.0 V, 25°C 
Vag = 5.0 V, 25°C 
lot = as rated 
Vag = 4.5 V 


ay 


lon = as rated 
Vag = 4.5 V 


2. This is the specification for the 3 x Output Buffer. Output short circuit current for other outputs will scale accordingly. Not more than 


one output shorted at a time, for a maximum of one second, is allowed. 
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3.3 Volt DC Characteristics 
Applicable over recommended operating range from Tag = -55°C to +125°C, Vag = 3.0 V to 3.6 V (unless otherwise noted) 


ome Parameter Test Condition Units 


Input Leakage High Vin = Vad Vad = 3.6 V 


ne Input Leakage Low (no pull-up) Vin = Vss, Vag = 3.6 V 
40K pull-up Vin = Vss, Vag = 3.6 V on 0 


loz Output Leakage (no pull-up) Vin = Vag Or Vss, Vag = 3.6 V -10 01 


los Output Short Circuit Current Vdg = 3.6 V, Vout = Vad 5 25 
(3 x Buffer)@2) Vag = 3.6 V, Vout = Vss -60 -25 


CMOS Input Low Voltage 0.3 x Vag 
CMOS Input High Voltage 0.7 x Vag V 


CMOS Switching Threshold Vag = 3.3 V, 25°C V 


7 Output Low Voltage lo. = as rated 
Output buffer has Vag = 3.0 V 
12 stages of drive 
capability with 1 MA Io, per stage. 


VOH Output High Voltage lon = as rated 
Output buffer has Vag = 3.0 V 
12 stages of drive 
Capability with -1 MA lox per stage. 


Note: 2. This is the specification for the 3 x Output Buffer. Output short circuit current for other outputs will scale accordingly. Not more than 
one output shorted at a time, for a maximum of one second, is allowed. 


1/O Buffer DC Characteristics 


Symbol Parameter Test Condition 
Cin Capacitance Input Buffer (Die) 5.0V,3.3 V 
CouT Capacitance Output Buffer (Die) 5.0V,3.3 V 
Cvo Capacitance Bi-Directional 5.0 V, 3.3 V 
Schmitt Trigger 
TTL Positive Threshold 25°C, 5.0 V 
CMOS Positive Threshold 25°C, 5.0 V 
TTL Negative Threshold 25°C, 5.0 V 
CMOS Negative Threshold 25°C, 5.0 V 
TTL Hysteresis 25°C, 5.0 V 
CMOS hysteresis 25°C, 5.0 V 
CMOS Positive Threshold 25°C, 3.3 V 
CMOS Negative Threshold 25°C, 3.3 V 
CMOS Hystersis 25°C, 3.3 V 
/O Buffers 
¢ Programmable output drive The ATL series input/output ring contains the I/O buffer 
(2 to 24 mA Io, -2 to -24 mA Ion for 5.0 V circuitry capable of sourcing and sinking currents up to 
1 to 12 MAI g,, -1 to -12 mA Iog for 3.3 V) 24 mA, and responds to CMOS or TTL logic levels. I/O 
* 3000 volts ESD protection locations on this ring can accommodate bidirectional cells. 


* Built-in configurable test logic 
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AC Characteristics 


Delay vs Vga Delay vs Fanout 
700 
600 
g 500 a 
= 400 > 
3 5 
a 300 A 
2 
a 200 a. 
100 
0 
3.0 33 36 45 50 55 
Volts Fanout 
+ 3.3 Volts Vag ++ 3.3 Volts Vag 
-& 5.0 Volts Vag ~~ 5.0 Volts Vag 
NAND2 - 2 input NAND NAND2 - 2 input NAND 
Temp = 25°C Temp = 25°C 
FO =2 
Delay vs Temperature Output Buffer vs Load 
a 
& @ 
> & 
: z 
QO 
> a 
& S 
a 


Temperature (°C) 
Capacitive Load (pF) 

3.3 Volts V 
ial 4 3.3 Volts Vag 

5.0 Volts V 
= a © 5.0 Volts Vag 
NAND2 - 2 input NAND 
FO =2 PDO4 - Output Buffer 8 mA 


Temp = 25°C 
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Design for Testability. 

Atmel supports a full range of Design-for-Test improve- 
ment techniques which reduce design and prototype debug 
time, production test time, and board & system test time. 
These techniques can also improve system level test and 
diagnostic capability. 


The ATL arrays support the Joint Test Action Group 
(JTAG) boundary scan architecture. The required soft and 
hard macros to implement IEEE 1149.1 compliant architec- 
ture are available in our macro cell library. Use of JTAG 
allows for scan testing with only 4-5 additional pins re- 
quired. 


Atmel can also provide automatic high fault coverage test 
pattern generation (ATPG) via Synopsys Test Compiler. 
By following a set of design rules, Test Compiler can 
automatically insert the scan cells and generate test vectors 
providing greater than 95% fault coverage. This is the 
easiest and least expensive method for designing testability 
into a gate array design. 


Packaging Options 


PQFP 


CPGA 
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| PackageType | PinCount, 
44, 64, 68, 80, 100, 120, 128, 132, 136, 144, 160, 184, 208, 232, 256, 304 


68, 100, 120, 128, 144, 160, 180, 208, 224, 256, 292, 304, 338, 360 


Advanced Packaging 


Atmel supports a wide variety of standard packages for 
the ATL series, but also offers its ATL series gate arrays 
in packages that are custom designed to maintain the 
performance obtained in the silicon. 


All of Atmel's standard packages have been characterized 
for thermal and electrical performance. When a standard 
package can’t meet a customer's needs, Atmel's package 
design center can develop a package to precisely fit the 
application. The company has delivered custom-designed 
packages in a wide variety of configurations, including 
multichip modules and Tape Automated Bonding (TAB) 
packages. Atmel's domestic packaging facility 
manufactures commercial, industrial, Class B and modified 
Class S level product. 


ATL 


Military Product Flow Chart 
MIL-STD-883 Class B 


i pe 
SPC, QC Monitors Wafer Sort Electrical Test 
SPC, OC Monitors Saw, Die Attach and Wire Bond 


Internal Visual Method 2010 
Condition B Mechanical Tests 


SPC, QC Monitors 
Method 2011 and Method 2019 


Seal and Topside Mark 


Environmental Preconditioning 
Temperature Cycling Method 1010 Condition C 


Constant Acceleration Method 2001 Condition E 
Fine and Gross Leak Method 1014 


QA Monitors Pre Bura-in Electrical Screening 


QA Monitors Bura-ln Method 1015 Condition B 


100% Final Electrical Screening 
PDA=5% at +25°C 


-55°C, +125°C 


100% External Visual Method 2009 


Group A aad B Inspection Method 5005 


Review Groups C and D Quality 


Conformance laspection Documentation 


QA Pre-Ship Inspection 


Actel, Altera, AMD, Cadence, DAZIX, Fujitsu, LSI Logic, Mentor, NEC, Oki, Racal-Redac, Synopsys, Valid, Verilog-XL, Viewlogic, and 


Xilinx may be registered trademarks of others. 
AIMEL Beis 
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Features 

¢ 0.8 »p drawn gate length combined with triple level metal provides 
outstanding speed/power performance 

® Design translation of existing ASIC, PLD and FPGA designs 
provide for easy alternate sourcing with equivalent performance 

¢ All ATL80 arrays can operate at 5.0 volts and 3.3 volts for low- 
power applications 

® Product testability is improved using techniques such as serial 
and boundary scan, ATPG, bullt-in self test and JTAG 

¢ ATL80 arrays can be screened to MIL-STD-883 


Description 
The high-performance ATL80 Series CMOS gate arrays offer superior system 
performance, flexibility, testability and board utilization. The ATL80 gate arrays 
employ an advanced technology 0.8 y-drawn, triple-level metal, Si-gate, CMOS * 
technology processed in a U.S.-based, manufacturing facility. 


Atmel's efficient routing scheme combined with tight spacing for three 
layers allows Atmel to provide more gates and faster speeds. With 
bond pads as a standard feature, high I/O gate arrays can easily be acco i 
The ATL80 gate array can have 3.3 volt and 5.0 volt I/O on the si ) ATL80/25 


Atmel's flexible design system uses industry design standat : i ATL80/ 35 


libraries are upward compatible with the existing 1.0 : AT L80/ 60 
e customer can s esigning wi e ! using existin 
PADICAE tools. iia in ia ATL80/ 90 
ATL80 Array Organization. ATL80/140 
Device Maximum Max Pin Gate(1) ATL80/200 
Number Gates, Count Speed ATL80/250 
snl sel ATL80/300 
ATL80/25 
ATL80/35 » ATL80/425 
ATL80/550 
os Preliminary 


70,000 
194,000 90,000 
242,000 100,000 
ATL80/300 296,000 120,000 
ATL80/425 422,000 169,000 
ATL80/550 580,000 200,000 


Note: 1.Nominal 2 Input Nand Gate With a Fan Out of 2 
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ATL80 Design 


Design Systems Supported 

The ATL80 gate arrays are supported on the same design 
systems as our 1.0. ATL gate arrays. Atmel supports the 
major CAE/CAD software systems with complete macro 
cell libraries (symbols, timing and function), as well as 
utilities for checking the netlist and accurate pre-route 
delay simulations. Atmel uses Cadence’s Verilog as our 
golden simulator. The following design systems are sup- 
ported: 


Design Flow 

The design flow forthe ATL80 gate arrays is the same as the 
1.0 ATL gate arrays. While Atmel provides four options 
for implementing a gate array design, they all have the same 
flow. Data base acceptance is the first milestone. This is 
when Atmel receives and accepts the complete design data 
base. Preliminary design review is where the performance 
of the design is set based on the Cadence simulation. Final 
design review is the last review of the design before making 
masks. The back annotation data is incorporated into the 


Cadence Viewlogic Mentor Dazix simulations, After final design review masks are released 
Valid Synopsys Racal-Redac and prototypes, in ceramic packages, are delivered. 
ATL80 Gate Array Design Flow 
Design 
Customer Atmel Cell veces Synthesis | FPGAEPLD Atmel 
Library Transiation “VHDL | Conversions 
Data Base Acceptance Atmel 
Simulation 
and Verification Atmel 
Customer—*|__ Preliminary Design Review <— Atmel 
Physical Design, Simulation 

and Verification Atmel 

Customer Final Design Review Aimel 

Customer Prototype Delivery Atmel 
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Design Options 

Schematic Capture 

Schematic capture and simulation are performed by the 
customer using an Atmel supplied macro cell library. The 
customer can also receive complete back annotation delay 
data for post-route simulation. 


VHDL/Verilog-HDL 

Atmel can accept Register Transfer Level (RTL) designs 
for VHDL (MIL-STD-454, IEEE STD 1076) or Verilog- 
HDL format. Atmel fully supports Synopsys for VHDL 
simulation as well as synthesis. Design via VHDL or 
Verilog-HDL is the preferred method of performing a gate 
array design. 


ASIC Design Translation 
Atmel has successfully translated dozens of existing de- 
signs from most major ASIC vendors (LSI Logic, Oki, 


NEC, Fujitsu and others) into our gate arrays. These 
designs have been optimized for speed, gate count, modi- 
fied to add logic or memory, or replicated for a pin-for-pin 
compatible, drop-in replacement. 


FPGA and EPLD Conversions 

Atmel has successfully translated existing FPGA/EPLD 
designs from most major vendors (Xilinx, Actel, Altera, 
AMD & Atmel) into our gate arrays. The design can be 
optimized for speed or power consumption, modified to 
add logic or memory or replicated for a pin-for-pin com- 
patible, drop-in replacement. Atmel frequently combines 
several devices onto a single gate array. 
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ATL80 Series Cell Library 


Atmel’s ATL80 series gate arrays use cells from an 
accurately modeled and highly flexible library. The cell 
library contains over 120 hard-wired data path elements 
and has been characterized via extensive SPICE modeling 
at the transistor level and verified through measurements 
made on fabricated test arrays. Characterization has been 


Cell Guide 
Buffers and Inverters 


1x Buffer 

2x Buffer 

2x Buffer with Enable 
2x Buffer with Enable Low 
3x Buffer 

4x Buffer 

8x Buffer 

12x Buffer 

16x Buffer 

Delay Buffer 2.0 ns 
Delay Buffer 3.5 ns 
Delay Buffer 8.0 ns 


AND, NAND, OR, NOR Gates 


2 input AND 
2 input AND with High Drive 


3 input AND 

3 input AND with High Drive 
4 input AND 

4 input AND with High Drive 
5 input AND 

2 input NAND 

Dual 2-input NAND 

2 input NAND with High Drive 
3 input NAND 

3 input NAND with High Drive 
4 input NAND 

4 input NAND with High Drive 
5 input NAND 

5 input NAND with High Drive 
6 input NAND 

6 input NAND with High Drive 
8 input NAND 

8 input NAND with High Drive 


performed over the military temperature and voltage 
ranges, to ensure that the simulation accurately predicts 
the performance of the finished product. Atmel is 
continually expanding the ATL80 series cell library with 
both soft and hard macros. Check with your sales 
representative for the most recent additions. 


1x Inverter 

Dual 1x Inverter 
Quad 1x Inverter 
Quad Tri-state Inverter 
2x Inverter 

Dual 2x Inverter 

2x Tri-state Inverter 
3x Inverter 

4x Inverter 

8x Inverter 

10x Inverter 


2 input NOR 

Dual 2 input NOR 

2 input NOR with High Drive 
3 input NOR 

3 input NOR with High Drive 
4 input NOR 

4 input NOR with High Drive 
5 input NOR 

8 input NOR 

16 input NOR with High Drive 
2 input OR 

2 input OR with High Drive 
3 input OR 

3 input OR with High Drive 
4 input OR 

4 input OR with High Drive 


8-18 SLB O  sueuemenummanscscooavessuneunessemaccoananccomrenaeanmmna 


Cell Guide 


2:1 MUX 

2:1 MUX with High Drive 

Inverting 2:1 MUX w/o Buffered Inputs 

Inverting 2:1 MUX w/o Buffered Inputs, High Drive 
2:1 MUX with Enable Low 

Quad 2:1 MUX with Enable 

Quad 2:1 MUX 

Inverting 3:1 MUX w/o Buffered Inputs 

inverting 3:1 MUX w/o Buffered Inputs, High Drive 


4:1 MUX 

4:1 MUX w/o Buffered Inputs 

4:1 MUX w/o Buffered Inputs, High Drive 
5:1 MUX with High Drive 

8:1 MUX 

8:1 MUX with Enable Low 

8:1 MUX High Drive 


AND/OR, OR/AND Gates 


3 input AND OR INVERT 
3 input AND OR INVERT with High Drive 
4 input AND OR INVERT 
4 input AND OR INVERT with High Drive 
6 input AND OR INVERT 
6 input AND OR INVERT with High Drive 


Exclusive OR/NOR Gates 


1 bit Adder 

1 bit Adder with Buffered Outputs 
7 input Carry Lookahead 

2 input Exclusive OR 


3 input OR AND INVERT 

3 input OR AND INVERT with High Drive 

4 input OR AND INVERT 

4 input OR AND INVERT with High Drive 

8 input OR AND INVERT 

4 input OR AND INVERT with 2 inputs to AND 


2 input Exclusive OR with High Drive 
2 input Exclusive NOR 
2 input Exclusive NOR with High Drive 


2:4 Decoder 
2:4 Decoder with Low Enable 


3:8 Decoder with Low Enable 


Flip-flops/Latches 


D Flip-flop 

D Flip-flop with Clear/Preset 
D Flip-flop with Clear 

D Flip-flop with High Drive 

D Flip-flop with Reset 

D Flip-flop with Set 

D Flip-flop with Set/Reset 

JK Flip-flop 

JK Flip-flop with Clear/Preset 
JK Flip-flop with Clear 


LATCH 

LATCH with Complementary Outputs 
LATCH with Inverted Gate Signal 

QUAD LATBG with Common Gate Signal 
LATCH with High Drive 

QUAD Inverting LATCH 

LATCH with Reset 

LATCH with Set 

LATCH with Set and Reset 
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Cell Guide 


Scan Cells 


Set-scan Register Set-scan Register with Set 
Set-scan Register with Clear and Preset Set-scan Register with Set and Reset 
Set-scan Register with Reset 


/O Options 


Input, Output, Bidirectional, Tristate Output, Internal Clock Driver and Oscillator 

Output Drive Value Programmable from 2 mA to 24 mA in 2 mA increments with Slew Rate Control 
CMOS or TTL Operation 

Schmitt Trigger (Bidirectional, Input) 

Testable NAND Gate on Input (Bidirectional, Input) 

Inverting and Non-inverting Input Buffers (Bidirectional, Input) 

Pullup Resistor - 10K Q to 310K Q 


Pulldown Resistor - 3.5K Q to 108.5K Q 


74XX Series Soft Macros 
24 cells available 


HDL Macros - Available in Verilog-HDL or VHDL Simulation Models 
Function Group Available Cells 


adder 37 
alu 

baud rate generator 
comparator 

counter 

fifo 
incrementor/decrementor 
mux 

parity/error correction 
scan 

shifter 

multipliers 
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CMOS/TTL Input Interface Characteristics 
interface Logic High Logic Low Switchpoint 
CMOS 3.5 V Minimum 1.5 V Maximum Vpp/2 Typical 


TTL 2.0 V Minimum 0.8 V Maximum 1.4 V Typical 


Absolute Maximum Ratings* 
*NOTICE: Stresses beyond those listed under "Absolute Maximum 


Operating Temperature -55°C to +125°C Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
Storage Temperature -65°C to +150°C conditions beyond those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
Voltage on Any Pin conditions for extended periods may affect device reliability. 
with Respect to Ground ................. 2.0 V to +7.0 V(1) a 
. . 1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V for 
Maximum Operating Voltage occ ccc cencccesceccccccccencene 6.0 V pulses of less than 20 ns. Maximum output pin voltage is Vpp +0.75 V 


dc which may overshoot to +7.0 V for pulses of less than 20 ns. 


5.0 Volt DC Characteristics 
Applicable over recommended operating range from Tg = -55°C to +125°C, Vpp = 4.5 V to 5.5 V (unless otherwise noted) 


oe Parameter Test Condition Units 


Input Leakage High Vin=Vpp. Vpp = 5.5 V 0.01 


lit Input Leakage Low (no pull-up) Vin = Vss, Vpp = 5.5 V -10 0.01 
40K pull-up Vin = Vss, Vpp = 5.5 V -325 -160 


loz Output Leakage (no pull-up) Vin = Vpp Or Vss, Vpp = 5.5 V-10 0.01 


los Output Short Circuit Current Vpp = 5.5 V, Vout = Vop 10 50 100 mA 
(3 x Buffer) (2) Vpp =5.5V, Vout=Vss __ -100 -50 -10 mA 


TTL Switching Threshold Vpp = 5.0 V, 25°C 1.4 
CMOS Switching Threshold Vpp = 5.0 V, 25°C 2.4 


Output Low Voltage lo. = as rated 
Output buffer has Vpp = 4.5 V 
12 stages of drive 

Capability with 2 mA Io, per stage. 


VoH Output High Voltage IoH = aS rated 0.7xVpp 4.2 
Output buffer has Vpp = 4.5 V 
12 stages of drive 
Capability with -2 MA Ion per stage. 


Note: 2. This is the specification for the 3 x Output Buffer. Output short circuit current for other outputs will scale accordingly. Not more than 
one output shorted at a time, for a maximum of one second, is allowed. 
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3.3 Volt DC Characteristics 
Applicable over recommended operating range from Tg = -55°C to +125°C, Vpp = 3.0 V to 3.6 V (unless otherwise noted) 


Symbol Parameter Test Condition Min Typ Max Units 


iH Input Leakage High Vin = Vpop, Vpp = 3.6 V 0.01 10 pA 
le Input Leakage Low (no pull-up) Vin = Vss, Vop = 3.6 V -10 0.01 pA 
40K pull-up Vin = Vss, Vpp = 3.6 V -200 = -60 -10 pA 
loz Output Leakage (no pull-up) Vin = Vpp or Vss, Vpp = 3.6 V-10 —0..01 10 pA 
los Output Short Circuit Current Vpp = 3.6 V, Vout = Vop 5 25 60 mA 
(3 x Buffer)@) Vpp = 3.6 V, Vout = Vss -60 -25 5 mA 
ViL CMOS Input Low Voltage 0.3xVpp V 
Vin CMOS Input High Voltage 0.7 x Vop V 


V 


VT CMOS Switching Threshold Vop = 3.3 V, 25°C 1.5 


VoL Output Low Voltage lo. = as rated 0.4 
Output buffer has Vpp = 3.0 V 
12 stages of drive 
Capability with 1 MA Io, per stage. 


< 


VoH Output High Voltage IoOH = as rated 
Output buffer has Vpp = 3.0 V 
12 stages of drive 
Capability with -1 MA lox per stage. 


Note: 2. This is the specification for the 3 x Output Buffer. Output short circuit current for other outputs will scale accordingly. Not more than 
one output shorted at a time, for a maximum of one second, is allowed. 


l/O Buffer DC Characteristics 


Symbol Parameter Test Condition 
Cin Capacitance, Input Buffer (Die) 5.0 V,3.3 V 
CouT Capacitance, Output Buffer (Die) 5.0 V,3.3 V 
Cyo Capacitance, Bi-Directional 5.0V,3.3V 6.6 pF 
Schmitt Trigger 
TTL Positive Threshold 25°C, 5.0 V 
CMOS Positive Threshold 25°C, 5.0 V 
V- TTL Negative Threshold 25°C, 5.0 V 
CMOS Negative Threshold 25°C, 5.0 V 
AV TTL Hysteresis 25°C, 5.0 V 
CMOS Hysteresis 25°G, 5.0 V 
V+ CMOS Positive Threshold 25°C, 3.3 V 
\- CMOS Negative Threshold 25°C, 3.3 V 
AV CMOS hystersis 25°C, 3.3 V 
I/O Buffers 
¢ Programmable output drive The ATL80 series input/output ring contains the I/O buffer 
(2 to 24 mA Io,, -2 to -24 mA Io for 5.0 V circuitry capable of sourcing and sinking currents up to 
1 to 12 mATIg,, -1 to -12 mA Iox for 3.3 V) 24 mA, and responds to CMOS or TTL logic levels. All 
. 3,000 volts ESD protection . Outputs can be switched to a high impedance state. I/O 
* Built-in configurable test logic locations on this ring can accommodate bidirectional cells. 
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AC Characteristics 
Delay vs Vcc Delay vs Fanout 
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Design for Testability 

Atmel supports a full range of Design-for-Test improve- 
ment techniques which reduce design and prototype debug 
time, production test time, and board and system test time. 
These techniques can also improve system level test and 
diagnostic capability. 


The ATL80 arrays support the Joint Test Action Group 
(JTAG) boundary scan architecture. The required soft and 
hard macros to implement IEEE 1149.1 compliant architec- 
ture are available in our macro cell library. Use of JTAG 
allows for scan testing with only 4-5 additional pins re- 
quired. 


Atmel can also provide automatic high fault coverage test 
pattern generation (ATPG) via Synopsys Test Compiler. 
By following a set of design rules, Test Compiler can 
automatically insert the scan cells and generate test vectors 
providing greater than 95% fault coverage. This is the 
easiest , and least expensive method for designing testability 
into a gate array design. 


Packaging Options 
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PPinCount et se | 
44, 64, 68, 80, 100, 120, 128, 132, 136, 144, 160, 184, 208, 232, 256, 304 

68, 84, 100, 120, 132, 144, 180, 224 

64, 68, 84, 100, 124, 144, 155, 180, 223, 224, 256, 299, 391 


64, 68, 84, 132, 160, 224, 340 
44, 52, 84, 132, 148, 196 


68, 100, 120, 128, 144, 160, 180, 208, 224, 256, 292, 304, 338, 360 


Advanced Packaging 

Atmel supports a wide variety of standard packages for the 
ATL80 series, but also offers its ATL80 series gate arrays 
in packages that are custom designed to maintain the 
performance obtained in the silicon. 


All of Atmel's standard packages have been characterized 
for thermal and electrical performance. When a standard 
package can’t meet a customer's needs, Atmel's package 
design center can develop a package to precisely fit the 
application. The company has delivered custom-designed 
packages in a wide variety of configurations, including 
multichip modules and Tape Automated Bonding (TAB) 
packages. Atmel's domestic packaging facility 
manufactures commercial, industrial, Class B and modified 
Class S level product. 


ATL80 


Military Product Flow Chart 
MIL-STD-883 Class B 


SPC, QC Monitors Wafer Fabrication 
SPC, QC Monitors Wafer Sort Electrical Test 
SPC, QC Monitors Saw, Die Attach and Wire Bond 


internal Visual Method 2010 


SPC, QC Monitors Condition B Mechanical Tests 


Method 2011 and Method 2019 


Seal and Topside Mark 


Environmental Preconditioning 
Temperature Cycling Method 1010 Condition C 


QC Monitors 


Constant Acceleration Method 2001 Condition E 
Fine and Gross Leak Method 1014 


QA Monitors Pre Burn-in Electrical Screening 
QA Monitors Burn-in Method 1015 Condition B 


100% Final Electrical Screening 


SPC PDA=5% at +25°C 
-55°C, +125°C 


QA Monitors 100% External Visual Method 2009 


Group A and B Inspection Method 5005 
Review Groups C and D Quality 
Conformance Inspection Documentation 


QA Pre-Ship Inspection 


Actel, Altera, AMD, Cadence, DAZIX, Fujitsu, LSI Logic, Mentor, NEC, Oki, Racal-Redac, Synopsys, Valid, Verilog-XL, Viewlogic, and 


Xilinx may be registered trademarks of others. 
AIMEL = 
TLE 
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Converting FPGAs and EPLDs to 
Atmel's ATL Series Gate Arrays 


Introduction 

Atmel is the only company which designs 
and manufactures both complex CMOS 
electrically programmable logic devices 
(EPLDs) and high-performance CMOS 
gate arrays. In a natural progression, 
Atmel now offers a seamless, direct 
conversion for designs implemented on 
most EPLDs and field programmable gate 
arrays (FPGAs) to the ATL series gate 
arrays. FPGA/EPLD conversions provide 
the following benefits: 


¢ Youcansavemoney. Atmel’s process 
converts a single FPGA or EPLD into 
a lower-priced gate array that is a pin- 
for-pin compatible, drop-in 
replacement. In other words, Atmel 
will match the timing of the FPGA or 
EPLD, at a lower cost. 


¢ You can reduce board space. Since 
Atmel converts to a true gate array, 


Table 1. ATL Series Gate Arrays 


Device 


Number Gates Gates 


ATL4 4,100 2,600 


Maximum  Routable 


multiple FPGA/EPLDs can be 
easily integrated into a single 
chip, reducing board space and 
component cost. 


¢ Atmel can also take an existing 
FPGA/EPLD design and improve 
system performance. 


¢ Savetime and prove your design. 
Your ASIC design can be 
prototyped in programmable 
logic and moved to a gate array, 
without redesign. 


In all cases, Atmel uses the FPGA/ 
EPLD design database so that little 
engineering effort is required from 
the customer. This document details 
the information needed to perform a 
conversion. It also discusses when a 
conversion makes sense. 


Max Pin MaxW//O Gate! 
Count Pins Speed 


68 60 434 ps 


FPGA/EPLD 
to Gate Array 
Conversion 


Application 
Note 


ATL10 10,000 6,500 124 116 434 ps 
ATL20/20C 22,000 12,000 144/160 136/148  434ps 
DS 


ATL40 40,000 22,000 180 168 434 
ATL60 57,000 30,000 224 208 434 ps 
ATL75 72,000 38,000 256 236 434 ps 


ATL100 95,000 50,000 292 262 434 ps 


ATL130 131,000 67,000 338 308 434 ps 


ATL160 157,000 80,000 360 320 434 ps 
Note: 1. Nominal 2 Input Nand Gate With a Fan Out of 2 


Aner on 


ANMET 


Programmable Logic vs. Gate Array 
Programmable logic has enjoyed tremendous popularity 
over the past several years because the user saves both time 
and money. Users may work withinexpensive design tools, 
run oninexpensive platforms. Designs can be implemented 
in hours and modified easily. As a result, a designer can 
implement an ASIC design and evaluate performance in the 
system in the same week. This instant feedback allows 
designers to rectify system errors without additional cost. 
Programmable logic provides an ideal solution for low- to 
moderate- volume designs or for fast prototyping. 


Gate arrays continue to offer superior performance, higher 
densities and lower cost-per-gate in volume production 
when compared to an FPGA/EPLD. While the cost of 
design tools has dropped in recent years and quality third 
party tools have emerged, they are still more expensive than 
FPGA/EPLD tools. Also, while gate array prototypes can 
be available in a few weeks, that is still much longer than 
the several hour turn around of an FPGA/EPLD. 


When to Convert 


There are four instances when converting from an FPGA/ 
EPLD to a gate array offers the user a direct benefit. 


1. High Volume - If your annual volume is over 10,000 
units (commercial) for a single design, or 2,000 units for 
combined designs (commercial), converting to a gate 
array can Save money. 


2. Performance - Gate arrays have lower stand-by current 
requirements and offer greater speed than an FPGA/ 
EPLD. Frequently the speed of an FPGA/EPLD becomes 
the limiting factor in a system design. 


3. Integration - Converting to a true gate array allows 
several FPGA/EPLDs to be integrated into a single chip, 
requiring less board space and providing a cost savings. 


4. Prototyping - Using the FPGA/EPLD for prototyping 
and then converting into a gate array for production 
gives the user the best of both worlds; fast design cycle 
times and low-cost volume production. 


The Conversion Process Summary 

Atmel’s conversion process is designed to minimize the 
amount of engineering support required from the system 
designers. Figure 1 outlines the conversion process flow. 


.. The inputs required vary depending on the original 


manufacturer of the FPGA/EPLD. 


Once Atmel has received the design database, the original 
design (s) is converted into an equivalent netlist using the 
ATLseries library. The equivalent netlist ensures that both 
the functionality and timing of the new design match the 
original. Using this technique, almost any FPGA/EPLD 
design can be converted to a gate array. 


The original test vectors are also converted and are used to 
verify the gate array design. This is important because the 
functional test vectors are the verification vehicle for the 
design. Good functional vectors must be provided or 
developed. After the design has been converted and verified 
for functional performance, the optimization process begins. 
The design can be optimized to match the timing 
performance of the original FPGA/EPLD design, or to 
meet new performance goals. Additional logic functions or 
memory can be added to the gate array as well. 


Before physical design ofthe chip begins, a joint Preliminary 
Design Review is held with Atmel and the customer to 
approve the results of the converted design. From this point 
on the design process is identical to that of a traditionally 
designed gate array. The design is physically placed and 
routed on the gate array and verified for electrical and 
design rules. Atmel uses Cadence’s Verilog-XL™ as a 
golden simulator. Atmel provides performance equal to 
that predicted by Verilog-XL. 


Back annotation data is extracted from the actual layout and 
incorporated into the post-route functional and timing 
simulation. Minor layout modifications may be required to 
meet the timing specification. A Final Design Review is 
held to approve the post-route simulation data. After 
customer approval, the design is released for mask 
generation and prototyping. Prototypes can be delivered in 
as little as three weeks and production units in as short as 
six weeks after customer approval of prototypes. Atmel 
guarantees the gate array will be a pin-for-pin compatible 
replacement for the FPGA/EPLD. 
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Figure 1. FPGA/EPLD to Gate Array Conversion 
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Conversion - Xilinx™ FPGA 


Since Xilinx uses third party design tools for schematic 
capture and simulation, the required data is now more 
accessable. All data should reflect the final Xilinx design. 


Required Design Inputs 
Xilinx Files: 
.XNF (Xilinx Netlist) 
LCA (file) 


Viewlogic Files (or Mentor™/Valid™ equivalents): 
.CMD (Simulator Command File) 
.DEF (Parameters File) 
.EDN (or Mentor/Valid (EDIF 2 0 0 netlist) 
.PIN (Final Pin List) 
.VSM (Viewlogic™ Simulator Netlist) 
.SCH (Schematics) 
SYM (Symbols) 
:WIR (Wire Length), and Simulation Vectors 


- Timing and loading data on the pins 
- Identify all asynchronous paths, race conditions 


Peer 2. Conversion - Xilinx 


Equivalent 


Usable Gates 


or unregistered feedback loops 

- Block diagram of interconnects for incorporating 
more than one FPGA into a single gate array 

- Specifications 

- Sample Parts 


Xilinx FPGAs are similar to a true gate array in both their 
design and physical implementation. This makes the 
conversion of an FPGA relatively simple. The Xilinx netlist 
is converted directly into an ATL series 1.0p cell library 
netlist. Atmel uses generic logic blocks in our ATL series 
1.0, cell library to implement the design. The Atmel logic 
blocks can be optimized to match the timing of the original 
FPGA/EPLD based on the information in the supplied 
customer database. Test vectors are converted into the 
proper format and used to verify the functional performance 
of the converted netlist. Since Atmel uses the vectors as the 
principle vehicle for confirming that the gate array meets 
functional specs, itis important that the vectors are complete. 


Target Atmel 


/O Pins Total Pins Gate Array 


1,200 ATL4 
me 1,800 ATL10 


2,000 
3,000 
4,000 
5,000 
6,000 
8,000 
10,000 
13,000 
16,000 
20,000 


“Target array dependent on number of pins used. 


Note: 
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ATL10 
ATL10 
ATL10 
ATL20/10* 
ATL20/20C/40* 


ATL4/10* 
ATL10 
ATL10 
ATL10 

ATL10/20* 
ATL20/20C/40* 
ATL20/20C/40* 

ATL40/60* 

ATL60 
ATL60/75/100* 


Conversion - Actel™ FPGA 


Since Actel uses only third party design tools for schematic - Timing and loading data on the pins 
capture and simulation, the required data should already be - Identify all asynchronous paths, race conditions 
in the correct format for delivery to Atmel. All data should or unregistered feedback loops 
reflect the final Actel design. - Block diagram of interconnects for incorporating 
more than one FPGA into a single gate array 
Required Design Inputs - Specifications 
Actel Files: - Sample parts 
.ADL (Flatten Netlist) a 
CRT (Criticality file) Actel FPGAs are very similar to a true gate array in both 
DEL (Actel Delay Table) their design and physical implementation. This makes the 
FUS (Fuse File) conversion of an FPGA to a gate array relatively simple. 
IPF (Initial Placement File) The Actel netlist is converted directly into an ATL series 


1,0p. cell library netlist. The Actel devices actually use only 
a few basic logic blocks to implement all of their functions. 


Viewlogic Files (or Mentor/Valid equivalents): Atmel uses generic logic blocks in our ATL series 1.0, cell 
.CMD (Simulator Command File) library to implement the design. The Atmel logic blocks can 
.DEF (Parameters File) be optimized to match the timing of the original FPGA/ 
.EDN (or Mentor/Valid (EDIF 200 netlist) EPLD, based on information in the customer design database. 
.PIN (Final Pin List) The test vectors are converted into the proper format and 
.VSM (Viewlogic Simulator Netlist) used to verify the functional performance of the converted 
.SCH (Schematics) netlist. Since Atmel uses the vectors as the principal vehicle 
SYM (Symbols) for confirming that the gate array meets functional specs, it 
.WIR (Wire Length), and Simulation Vectors is important that the vectors are complete. 


Table 3. Target Atmel Gate Array 


Equivalent Target Atmel 
Actel FPGA Usable Gates /O Pins Total Pins Gate Array 


Act1 1010 1,200 57 ATL4 
1020 2,000 ATL4 or 10° 


1280 ATL20 


68 

84 
Act 2 1225 100 ATL4 or 10° 
1240 132 ATL10 or 20° 

176 


Note: “Target array dependent on number of pins used. 
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Conversion - Altera™ EPLD 

Using Altera inputs, an EDIF 2 0 0 netlist with actual delay 
data can be easily extracted. This netlist comes from the 
MAX+PLUS design system and incorporates the delay data 
from the fitter/assembler. 


Required Design Inputs 
MAX+PLUS Files: 
Archive File (Menu: File/Project/Archive) 
Should contain these files as a minimum: 

.GDF (Graphic File) 
.TDF (Text File) 
.HIF, .FIT (Fitter) 
.POF (Programmer Object File) 
SNF (Simulation Netlist File) 
.VEC (Simulation Vectors) 


Table 4. Target Atmel Gate Array 


Altera EPLD 


Max Series 5016 
5032 
5064 
5128 
5130 
5192 


320/30 
610/30/10A 
910 

1810 


Classic Series 


Figure 2. System Timing Concerns (Positive Hold Times) 


System Clock 


Equivalent 
Usable Gates 


- Timing and loading data on the pins 

- Identify all asynchronous paths, race conditions 
or unregistered feedback loops 

- Block diagram of interconnects for incorporating 
more than one FPGA into a single gate array 

- Specifications 

- Sample parts 


Altera EPLDs have a uniform, deterministic architecture. 
Every signal traverses the same length path, avoiding race 
conditions. If the converted design is to be used as a drop- 
in replacement, the design must meet the specifications of 
the original design including minimum and maximum 
signal arrival times as well as set-up and hold times. For 
example (Figure 2), EPLDs often drive a chip with a 


Target Atmel 
Gate Array 


/O Pins Total Pins 


16 
24 
36 
60 
84 
72 
18 
20 
36 
54 


TCO min 


EPLD Output X 
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ees Hold Time for 


Next Chip 


positive hold time. A reduction in the minimum clock-to- 
Output timing causes a violation of the hold time. The gate 
array would run faster than the EPLD, but the system would 
fail. 


The design is mapped into Atmel cells and Synopsys is used 
to add delay, if needed, to match the original timing. Many 
potential timing problems disappear using this technique. 
The original functional test vectors are converted and used 
to verify that the gate array design is a functional equivalent 
of the original design. 


If the EPLD design is a fully synchronous design, timing 
optimization can be achieved by meeting the minimum 
propagation delay for each signal path in the circuit. The 
maximum signal arrival time for each path in the gate array 
is specified to be equal to that of the equivalent path in the 
EPLD. Additional gates may be added to the product and 
sum terms so the propagation delays of the gate array match 
those of the original EPLD design. 


Synthesis Option 
All FPGA/EPLD compilers offer behavioral level 
simulation. Using logic synthesis, the behavioral level 


design is mapped into a functionally equivalent circuit 
and implemented in the ATL series library. The 
process of synthesis is relatively easy and offers the 
maximum gate utilization and performance. This 
technique is used when several FPGA/EPLDs are 
being converted into a single gate array or if a 
performance improvement is desired. 


Atmel uses Synopsys™ as the synthesis tool of choice. 
Using Synopsys, the behavioral description of the 
FPGA/EPLD(s) is synthesized down to a gate level 
description in the ATL series library. The resulting 
netlist is a functionally equivalent circuit, equal to the 
original FPGA/EPLD(s). Synopsys is also used to 
optimize the design for speed, power usage or gate 
count. 


Use of synthesis allows the FPGA/EPLD(s) to be 
reduced to the smallest possible gate array 
implementation. Since the design is notimplemented 
in the same deterministic manner, the timing will 
generally be different than the original design. 


Actel, Altera, Mentor, Synopsys, Valid, Verilog-XL, Viewlogic and Xilinx may be registered trademarks of others. 
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Translation Of Existing ASIC Designs 


Introduction 

It has only been in the last few years that 
designers and users of application 
specific integrated circuits (ASIC) have 
been able to obtain additional sources 
for these types of integrated circuits. 
The introduction of design synthesis 
software by CAD / CAE companies has 
made the task of converting from one 
ASIC vendor’s library into another's, a 
feasible task even for the most dense 
designs. 


The user of an application specific 
integrated circuit who desires the 
flexibility and security offered by having 
multiple sources for what are often key 
system components, or the user who 
requires an improvement in performance 
offered by advanced process 
technologies, now have an easy path to 
satisfy theirneeds. That path is Atmel’s 
Design Translation ASIC design flow, 
shown in Figure 1. The Design 
Translation flow highlights the major 
steps that are takenin converting anetlist 
into Atmel’s gate array cells, verifying 
the translation, performing the layout 
and realizing the desired circuit 
performance, and fabricating and testing 
the resulting silicon product. 


This application note describes the types 
of data required from the ASIC user and 
the process steps followed by Atmel to 
successfully translate an existing ASIC 


design, and presents the results of two 
translation efforts. The first was an 
effort where the Atmel device 
performance was required to match that 
of the original ASIC. The second was a 
translation where the improved 
performance of Atmel’s device was 
required. The process has been proven 
through successful translation of designs 
from such vendors as LSI Logic, NEC, 
Fujitsu, and Oki, into our 1.0 p ATL 
series gate array family. 


The Process 

Simply stated, the Design Translation 
process maps cells from the original 
design into cells contained in Atmel’s 
cell library. These cells may be 
equivalent primitives or may be soft 
macros which include several primitives. 
The choice of Atmel cell will depend 
upon the required performance objective, 
and, in some instances, hard macros may 
be created to replace soft macros to 
achieve performance goals forthe design. 


Once the mapping is complete, the 
process follows Atmel’s normal ASIC 
design flow, including cell placement 
and routing, resimulation using Atmel’s 
“golden” simulator, comparison of 
predicted versus desired performance 
and, after approval of the design by the 
user, PG tape out and prototype 
fabrication. 


AIMEL 


ASIC 
Design 
Translation 


Application 
Note 
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Data Base Required 

ASIC design can be accomplished ona variety of platforms, 
and with a variety of software tools - some open, some 
proprietary. Designs are completed using generic and/or 


In addition to the netlist for the original design, several 
other pieces of information are needed to successfully 
translate the design. Also required are: 


vendor-specific library cells as well. This level of flexibility 
available to the ASIC designer does not hinder the translation 
effort. Most design tools are capable of providing a netlist 
in EDIF (EDIF 2.0.0) format. Other netlist formats which 
are acceptable to Atmel are listed below: 


A description of the original design library 
Functional test vectors, print-on-change format 
Device specifications 

Identification of critical and/or asynchronous paths 
“‘As-routed” delay data from the original design 
Cadence™ - Verilog-XL™, EDIF 2.0.0 
DAZIX™ - Tegas™, EDIF 2.0.0 

LSI Logic - NDL™ 

Mentor™ - MIF™ 

Racal-Redac™ - EDIF 2.0.0 

Valid™ - EDIF 2.0.0 . 

Viewlogic™ - EDIF 2.0.0 


To make an assessment of whether the desired performance 
match orimprovement has been achieved, an understanding 
of the starting point must be reached. The description of the 
Original cell library, with its functional and timing 
information for each cell, is also essential to the definition 
of the starting point. 


Figure 1. Design Translation Flow 


Customer Data Base Acceptance Atmel 
Netlist Translation, 

Simulation and Verification Atmel 

Customer Preliminary Design Review Atmel 

Physical Design Atmel 


Customer Final Design Review —= Atmel 


Customer Prototype Delivery Atmel 


If sample parts of the original design can be provided, 
performance data on the actual silicon can be used to help 
establish a baseline. 


The functional vector set (in ASCII or TSSI, print-on- 
change format) serves two purposes. The functional vector 
set, when converted into tester-specific format and used in 
conjunction with the sample devices, provides amechanism 
for establishing detailed performance attributes of the 
original design. These attributes, such as maximum 
frequency, path timing performance, and buffer 
characteristics to name a few, provide the base for cell and 
buffer selection to match orimprove the design. Individual 
performance attributes can also be used as input to a 
waveform comparison tool. This tool, using the actual data 
and the functional test vectors, now converted to simulator 
format, permits the Atmel designer to determine when and 


where timing mismatches occur and adjust the netlist 
accordingly. 


The device specification provides key information 
conceming the required device pin-out, system loading for 
each pin, the desired performance, and the range of operating 
conditions. 


Performance Matching 

Our first example of ASIC translation presents the results 
of work performed for a military application, where 
interchangeability with the original designs was required. 
The original design was an LSI Logic 10K series gate array 
of approximately 5,000 gates. The design was asynchronous 
and had multiple clocks. Samples representing the original 
designs were available at the outset and were characterized 
to supplement the specification requirements. All the data 


Figure 2. Maximum Operating Frequency, 25°C, Vpp = 5.0 V 
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presented is a direct comparison of LSI Logic and Atmel transitions, both as a function of supply voltage and of 
silicon. Figure 2, depicting maximum operating frequency temperature. And finally, Figures 5 and 6 depict rise and 
for constant temperature and voltage, shows how closely _fall time of bidirectional buffers. The performance match 
the performance can be matched. Figures3 and4depictthe _is extremely close. 

average performance for nine critical paths, forlow-to-high 


Figure 3. Atmel vs LSI Package Test Results for 9 Critical Paths, tppy, +25°C 
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The customer performed extensive tester-based and LSI parts were interchanged and mixed and matched on 
characterization and qualification of the Atmel device to boards. The complete system evaluation was performed 
insure that it was pin-for-pin compatible, drop-in and in all tests the Atmel parts proved to be equal or 
replacement of the original LSI Logic part. The parts were superior to the LSI gate array. 

then assembled onto boards and tested again. The Atmel 


Figure 4. Atmel vs LSI Package Test Results for 9 Critical Paths, tpty, Vpp = 5.0 V 
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Figure 5. Output Rise Time, 8 mA Bidirectional Buffer, 25°C, 120 pF Load, Vpp = 5.0 V 
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Figure 6. Output Fall Time, 6 mA Bidirectional Buffer 25°C, 120 pF Load, Vpp = 5.0 V 
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Performance Improvement 

The second example of ASIC translation presents the 
results of work performed for a commercial application. 
This design required approximately 8,000 gates, was 
completely synchronous, and was operating at 25 MHz. 
The customer desired an improvement in performance to 
33 MHz. To achieve this speed, Atmel compared the 
performance of its cells to those of the original design, as 
samples were not available. This evaluation indicated that 
a 30 to 35 percent speed improvement could be realized 
over the existing design. Atmel also employed higher drive 


Cadence, DASIX, LSI Logic, Mentor, MIF, NDL, NEC, Oki, Racal- 
Redac, Synopsys, TDS, TSSI, Valid, Verilog-XL, Veritime and 
Viewlogic may be registered trademarks of others. 


cells where appropriate to further enhance performance. 
Extensive board level testing, performed by the customer, 
confirmed that the Atmel implementation exceeded the 33 
MHz design goal over the rated voltage and temperature 
ranges. 


Atmel’s CMOS Gate Array Design Manual provides more 
detailed information about the gate arrays, design 
methodologies, and individual cell timing, and should be 
used as a reference for evaluating ASIC performance. 
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Introduction 

The ATL series gate arrays use a library of highly accurate cells implemented on 
an advanced 1.0 (drawn) CMOS process. The cell library contains over 110 
hard-wired cells which have been characterized through SPICE modeling at the 
transistor level. The cells have also been verified through measurements made 
on test arrays over commercial and military temperature and voltage ranges. The 
1.041 CMOS process is under strict statistical process control to ensure that the 
simulations will accurately predict the performance of the fabricated gate arrays. 


The cell library contains both standard and high drive cells. Also included are 
scan cells, and all the cells required to implement IEEE 1149.1 (JTAG) boundary 
scan architecture as well as other testability schemes. New cells are being added 
to the library on a regular basis. Check with your Atmel sales representative for 
the latest list. 


ATL Series 
Gate Array 
1.01 CMOS 


Cell Library Index 
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Cell Name 


ADD3 


ADD3X 


AND4H 


ANDS5 


AOI22 


AOI22H 


AOI222 


AOI222H 


AOI2223 


AOI2223H 


BUF1 


BUF2 


BUF2T 


BUF2Z 


BUF3 


Cell Library ale) 


Cell 
Description 


1 Bit Adder 


1 Bit Adder 

with buffered outputs 

2 Input AND 

2 Input AND (high drive) 
3 Input AND 

3 Input AND (high drive) 
4 Input AND 

4 Input AND (high drive) 
5 Input AND 

3 Input AND OR INVERT 


3 Input AND OR INVERT 
(high drive) 


4 Input AND OR INVERT 


4 Input AND OR INVERT 
(high drive) 


6 Input AND OR INVERT 


6 Input AND OR INVERT 
(high drive) 


1x Buffer 
2x Buffer 


2x Buffer w/ Enable 


2x Buffer w/ Enable Low 


3x Buffer 


AIMEL 


Cell Input 
Sites Signal 

6| P 

Q 

CI 

4] P 

Q 

CI 
| A,B 
1 A,B 
2/ A-C 
2| A-c 
2/ A-D 
2| A-D 
2| A-E 
ij] A<¢ 
2|/ A-C 
2 A-D 
2|/ A-D 
2| A-F 
4 A-F 

: I 

1] 1 

2) 1 

E 

2/ 1 

E 

2/ 1 


Output Rising 
Base Load 
(ns) Factor 
(ns/FO) 
1.681 0.121 
0.652 0.103 
0.728 0.091 
1.245 0.060 
1.243 0.062 
0.772 0.059 
0.485 0.056 
0.554 0.028 
0.689 0.058 
0.732 0.032 
0.806 0.063 
0.861 0.038 
0.440 0.138 
0.435 0.105 
0.405 0.048 
0.608 0.105 
0.406 0.038 
0.647 0.105 
0.892 0.061 
0.372 0.054 
0.461 0.026 
0.536 0.082 
0.416 0.080 
0.534 0.081 
0.167 0.061 
0.495 0.020 


Cell Index (Worst Delays at Tj = 25°C; Vdd = 5.0V; Input Rise and Fall Times = 1ns; Process = Nominal) 


Output Falling 


Base 
(ns) 


1.782 
0.725 
0.785 
1.387 
1.164 
0.714 
0.501 
0.564 
0.572 
0.618 
0.642 
0.647 
0.447 
0.348 


0.275 


0.517 


0.428 


0.643 


0.780 


0.450 
0.512 


0.676 
0.257 


0.677 
0.282 


0.547 


Load 
Factor 
(ns/FO) 


0.044 


0.040 
0.021 


0.048 
0.058 


0.049 
0.032 


0.019 


Cell Name 


BUF4 
BUF8 
BUF12 
BUF16 


CLA7X 


DEC4 


DEC4N 


DEC8N 


DFF 


DFFBCPX 


DFFBSRX 


DFFC 


DFFH 


DFFR 


DFFS 


DFFSR 


DLY2000 


DLY3500 


DLY8000 


DSS 


Cell 
Description 
4x Buffer 
8x Buffer 
12x Buffer 


16x Buffer 


7 Input Carry 
Lookahead 


2:4 Decoder 


2:4 Decoder w/ Enable 
Low 


3:8 Decoder w/ Enable 
Low 


D Flip-flop 
D Flip-flop 


w/ Clear and Preset 


D Flip-flop 
w/ Set and Reset 


D Flip-flop w/ Clear 


D Flip-flop (high drive) 


D Flip-flop w/ Reset 


D Flip-flop w/ Set 


D Flip-flop w/ Set 
and Reset 

Delay Buffer 2.0 ns 
Delay Buffer 3.5 ns 
Delay Buffer 8.0 ns 


Set Scan Register 


Cell 
Sites 


11 


Input 
Signal 


A-G 


SO, S1 


SO, S1 
E 


SO, $1, S2 
E 


CLK 


Output Rising 
Base Load 
(ns) Factor 

(ns/FO) 
0.549 0.016 
0.557 0.007 
0.565 0.005 
0.545 0.004 
0.816 0.230 
0.414 0.055 
0.868 0.061 
0.449 0.061 
1.303 0.059 
0.767 0.058 
1.009 0.058 
1.218 0.179 
1.156 0.175 
1.151 0.175 
1.350 0.179 
0.480 0.056 
0.623 0.057 
1.069 0.063 
1.059 0.029 
1.079 0.061 
1.006 0.058 
0.754 0.058 
L113 0.104 
0.855 0.104 
2.315 0.058 
3.388 0.052 
8.011 0.052 
0.826 0.069 


Output Falling 


Base 
(ns) 


Load 
Factor 
(ns/FO) 

0.014 


0.006 


LTE OI ae 


8-45 


Cell Name 


DSSBCPY 


DSSBR 


DSSBS 


DSSR 


DSSS 


DSSSR 


INV1 


INV1D 


INV1Q 


INV1TQ 


INV2 
INV2D 


INV2T 


INV4 


JKFC 


Cell 
Description 


Set Scan Register 
w/ Clear and Preset 


Set Scan Register 
w/ Reset 

Set Scan w/ Set 
Set Scan Register 
w/Reset 


Set Scan Register 
w/Set 


Set Scan Register 
w/Set and Reset 
1x Inverter 

Dual 1x Inverter 
Quad 1x Inverter 


Quad Tri-state 
Inverter 


2x Inverter 
Dual 2x Inverter 


2x Tristate Inverter 


3x Inverter 
4x Inverter 
8x Inverter 
10x Inverter 
JK Flip-flop 


JK Flip-flop w/ Clear 
and Preset 


JK Flip-flop w/ Clear 


eas Cell Library Index 


Input 
Signal 


Output Rising 
Base Load 
(ns) Factor 

(ns/FO) 
1.053 0.069 
0.773 0.070 
0.709 0.068 
1.442 0.075 
0.444 0.070 
1.563 0.041 
1.680 0.028 
0.855 0.072 
0.833 0.067 
0.929 0.066 
0.874 0.072 
0,393 0.070 
0.250 0.055 
0.250 0.055 
0.250 0.055 
0.199 0.107 
0.450 0.107 
0.238 0.030 
0.238 0.030 
0.345 0.048 
0.287 0.047 
0.227 0.022 
0.214 0.017 
0.178 0.010 
0.895 0.005 
1,067 0.057 
1.849 0.061 
1.280 0.068 
1263 0.068 
1.125 0.063 


Output Falling 


Base 
(ns) 


1.253 
L222 
1,304 


1.430 
0.713 


1.696 
1.281 


0.899 
0.786 


0.960 


Load 
Factor 
(ns/FO) 


0.066 
0.049 
0.055 


0.060 
0.044 


0.032 
0.029 


Cell Name 


LAT 


LATB 


LATBG 


LATBGQ 


LATBH 


LATIQ 


LATR 


LATS 


LATSR 


MUX2 


MUX2H 


MUX2I 


MUX2IH 


MUX2N 


MUX2NQ 


Cell 
Description 


LATCH 


LATCH w/Complementary 


Output 


LATB 


w/ Inverted Gate Signal 


QUAD LATBG 


w/ Common Gate Signal 


LATCH (high drive) 
Quad Inverting 
LATCH 


LATCH w/ Reset 


LATCH w/ Set 


LATCH 
w/ Set and Reset 


2:1 MUX 

2:1 MUX (high drive) 
Inverting 2:1 MUX 
w/o Buffered Inputs 
Inverting 2:1 MUX 
w/o Buffered Inputs 
(high drive) 

2:1 MUX 

w/ Enable Low 


Quad 2:1 MUX 
w/ Enable Low 


Cell input 
Sites Signal 


“aAxro ALS mo ooo ag Qo HO XO 


AIS 


idl = 
— 
7s 


Output Rising 
Base Load 
(ns) Factor 

(ns/FO) 
0.711 0.057 
0.904 0.057 
1.053 0.059 
1.494 0.059 
1.155 0.059 
1.256 0.062 
1.088 0.059 
1.278 0.059 
1.182 0.032 
1.498 0.032 
0.414 0.054 
1.009 0.055 
0.843 0.102 
1.012 0.102 
0.751 0.058 
0.911 0.058 
0.839 0.058 
0.876 0.102 
1.019 0.102 
0.864 0.105 
0.664 0.058 
0.611 0.058 
0.651 0.029 
0.843 0.029 
0.391 0.072 
0.612 0.075 
0.371 0.039 
0.638 0.035 
0.742 0.103 
0.688 0.103 
0.355 0.099 
1.194 0.106 
0.813 0.105 
0.786 0.104 


Output Falling 


Base 
(ns) 


0.817 
0.730 


0.920 
1.225 


1.024 
1.418 


0.888 
el 


1.027 
1.266 


0.347 
12355 


0.875 
0.794 
0.352 


1.169 
0.961 


1.166 
0.971 


0.352 


0.786 
0.613 


0.770 
0.874 


0.313 
0.548 


0.269 
0.528 


0.806 
0.636 
0.298 


1.139 
0.767 
0.907 


Load 
Factor 
(ns/FO) 


0.047 
0.046 


0.049 
0.050 


0.050 
0.051 


0.048 
0.052 


0.030 
0.033 


0.046 
0.043 


0.047 
0.047 
0.043 


0.053 
0.055 


0.054 
0.056 


0.042 


0.049 
0.048 


0.027 
0.026 


0.050 
0.043 


0.033 
0.026 


T_T 


8-47 


AIMEL 


Output Rising Output Falling 
Cell Name Cell Cell input Base Load Base Load 
Description Sites Signal (ns) Factor (ns) Factor 
(ns/FO) (ns/FO) 

MUX2Q Quad 2:1 MUX 6| 1 0.667 0.058 | 0.806 0.050 
S 1.059 0.056 1.065 0.050 
MUX3I Inverting 3:1 MUX 3] 10-12 0.558 0.104 0.435 0.063 
w/o Buffered Inputs SO, S1 0.649 0.104 0.619 0.063 
MUX3IH_ | Inverting 3:1 MUX 4] 10-12 0.559 0.047 0.433 0.033 
w/o Buffered Inputs SO, S1 0.624 0.049 0.602 0.031 

(high drive) 
MUX4 4:1 MUX 4] 10-B 1.091 0.065 1.324 0.059 
SO, S1 1.135 0.068 1.385 0.061 
MUX4X 4:1 MUX 5 | 10-13 0.645 0.050 0.758 0.043 
w/o Buffered Inputs SO, S1 0.953 0.058 1.050 0.047 
MUX4XH | 4:1 MUX 5] 10-13 0.680 0.028 0.789 0.026 
w/o Buffered Inputs SO, S1 0.953 0.028 1.074 0.029 

(high drive) 
MUX5H 5:1 MUX (high drive) 7] 10-14 1.491 0.030 1.557 0.029 
SO - $2 1.770 0.033 2.132 0.027 
MUX8 8:1 MUX 10} 10-17 1.588 0.072 1.862 0.070 
SO - $2 2.302 0.074 2.527 0.075 
MUX8N 8:1 MUX 10} 10-17 1.753 0.110 1.833 0.075 
w/ Enable Low E 0.349 0.102 0.290 0.044 
SO - §2 2.378 0.109 2.578 0.073 
MUX8XH | 8:1 MUX (high drive) 10} 10-17 1.014 0.036 1.152 0.033 
SO - $2 1.598 0.035 Liv 0.035 
NAN2 2 Input NAND 1] A,B 0.290 0.056 0.257 0.064 
NAN2D Dual 2 Input NAND 2 | AO, Al, BO, Bl 0.290 0.056 0.257 0.064 
NAN2H 2 Input NAND (high drive) | 1 | A,B 0.281 0.033 0.229 0.035 
NAN3 3 Input NAND 1} A-C 0.394 0.051 0.403 0.080 
NAN3H 3 Input NAND (high drive) | 2 | A-C 0.377 0.031 0.328 0.041 
NAN4 4 Input NAND 1} A-D 0.429 0.054 0.578 0.101 
NAN4H 4 Input NAND (high drive) | 2} A-D 0.354 0.029 0.453 0.050 
NANS5 5 Input NAND 3] A-E 0.772 0.055 1.035 0.048 
NANS5H 5 Input NAND (high drive) | 3 | A-E 0.818 0.029 1.089 0.029 


0-43 Cell Library [QC mmm 


PA memmmEao LOL LITER eX 


Output Rising Output Falling 
Cell Name Cell Cell = Input Base Load Base Load 
Description Sites Signal (ns) Factor (ns) Factor 
(ns/FO) (ns/FO) 

NAN6 6 Input NAND 3 |A-F 0.841 0.056 1.085 0.047 
NAN6H 6 Input NAND (high drive)| 3 | A-F 0.879 0.030 1132 0.029 
NAN8 8 Input NAND 3 |A-H 0.813 0.054 1.061 0.047 
NAN8H 8 Input NAND (high drive)| 3 | A- H 0.911 0.029 1.223 0.029 
NOR2 2 Input NOR 1}A,B 0.345 0.100 0.290 0.044 
NOR2D Dual 2 Input NOR 2 | AO, Al, BO, Bl 0.345 0.100 0.290 0.044 
NOR2H 2 Input NOR (high drive) | 1 | A,B 0.297 0.046 0.211 0.027 
NOR3 3 Input NOR 1}/A-C 0.477 0.151 0.312 0.044 
NOR3H 3 Input NOR (high drive) | 2 |}A-C 0.447 0.070 0.270 0.028 
NOR4 4 Input NOR 1;A-D 0.736 0.196 0.342 0.045 
NOR4H 4 Input NOR (high drive) | 2 | A-D 0.612 0.094 0.304 0.026 
NORS 5 Input NOR 3 |A-E 1.007 0.057 0.714 0.043 
NOR8 8 Input NOR 3 |A-H 1.263 0.057 0.729 0.044 
NOR16H 16 Input NOR (high drive) | 6 | 10-115 1.724 0.037 0.866 0.026 
OAI22 3 InputOR AND INVERT | 1 | A-C 0.466 0.104 0.378 0.063 
OAI22H 3 Input OR AND INVERT | 2 |} A-C 0.348 0.049 0.337 0.033 

(high drive) 
OAI222.—- | 4. InputOR AND INVERT | 2 | A-D 0.566 0.098 0.584 0.069 
OAI222H 4 Input OR AND INVERT | 2 | A-D 0.448 0.049 0.256 0.035 

(high drive) 
OAI22224 | 8 InputOR AND INVERT | 3 |} A-H 1.067 0.057 1.070 0.047 
OAI23 4 Input OR AND INVERT | 1 |A-D 0.473 0.099 0.555 0.083 

w/ 2 Inputs to AND 
ORR2 2 Input OR 1 |A,B 0.493 0.054 0.618 0.046 
ORR2H 2 Input OR (high drive) 1 |A,B 0.534 0.027 0.699 0.026 
ORR3 3 Input OR 2}|A-C 0.498 0.056 0.836 0.052 
ORR3H 3 Input OR (high drive) 2};A-C 0.553 0.030 0.959 0.031 


AIMEL = 


AIMET 


Output Rising Output Falling 
Cell Name Cell Cell input Base Load Base Load 
Description Sites Signal (ns) Factor (ns) Factor 
(ns/FO) (ns/FO) 
ORR4 4 Input OR J A-D 0.566 0.059 1.217 0.059 
ORR4H 4 Input OR (high drive) 2 A-D 0.590 0.031 1.344 0.036 
ORRS 5 Input OR 2 A-E 0.588 0.054 0.701 0.088 
XNR2 2 Input Exclusive NOR 2 A,B 0.456 0.100 0.508 0.062 
XNR2H 2 Input Exclusive NOR 2 A,B 0.866 0.031 0.898 0.028 
(high drive) 
XOR2 2 Input Exclusive OR 2 A,B 0.693 0.099 0.640 0.065 
XOR2H 2 Input Exclusive OR 2 A,B 0.698 0.032 0.713 0.030 
(high drive) 


sso (Se LIDPary [CCX  stimmsmenssesmnsssesssaemnasammn nc untecmamasenessanaarecammae 


iT ECE: Le Liorary index 


1/0 cells 
Sample of buffers composed of modular I/O building blocks 


*Load Factor is ns/FO for input and clock buffers and ns/pF for output buffers. 


AIMEL 


Output Rising Output Falling 
Cell Cell input Base *Load Base *Load 
Name Description Signal (ns) Factor (ns) Factor 
PDlabccde Input Buffers 
PDICbece P 0.434 0.00770 0.403 0.00680 
PDICbecSe 1.741 0.01000 2.041 0.00900 
PDITbcce 0.323 0.00872 0.646 0.00984 
PDITbccSe 1.102 0.00900 2.562 0.00900 
PDlabccdel Inverting Input Buffers 
PDICbccel P 0.100 0.02069 0.093 0.02476 
PDabb Output Buffers 
PDO21 AO 1.429 0.06543 1.179 0.07107 
PDO4 0.587 0.03240 0.712 0.03600 
PDOS1 1.037 0.02678 1.085 0.02734 
PDO61 0.670 0.02620 0.854 0.02390 
PDO71 0.755 0.02553 0.867 0.02099 
PDT3 1.720 0.04349 1.260 0.04865 
PDT4 1.775 0.03270 1.372 0.03630 
PDK3 Clock Buffer I 0.498 0.00274 0.435 0.00312 
PDT3 E0 1.665 0.04358 0.862 0.04870 
PDT4 1.789 0.03270 0.941 0.03660 
PDT3 El 1.628 0.04348 1.131 0.04870 
PDT4 1.742 0.03260 1.222 0.03660 
PDBaabcddef Bi-directional Buffers 
PDBaaCcddf P 0.434 0.00770 0.403 0.00680 
PDBaaTcddf 0.323 0.00872 0.646 0.00984 
PDB2Ccddef AO 1.601 0.06520 1.218 0.07120 
PDB2Tcddef 1.601 0.06520 1.218 0.07120 
PDB31Ccddef 1.455 0.06522 1.513 0.04749 
PDB3Tcddef 1.720 0.04349 1.260 0.04865 
PDB4Ccddef 1.775 0.03270 1.372 0.03630 
PDB4Tcddef Lada 0.03270 1.372 0.03650 
PDB52Ccddef 1.777 0.03270 1.428 0.00292 
PDB52Tcddef i 0.03270 1.428 0.00292 
PDB62Ccddef 1,732 0.02209 1.544 0.02419 
PDB62Tcddef 1.732 0.02209 1.544 0.02419 
PDB2bcddef E0 1.554 0.06540 0.772 0.07270 
PDB3 1 bcddef 1.431 0.06547 1.218 0.04869 
PDB3bcddef 1.665 0.04358 0.862 0.04870 
PDB4bcddef 1.789 0.03270 0.941 0.03660 
PDBS2bcddef 1.790 0.03270 1.036 0.02930 
PDB62bcddef 1.796 0.02612 1,132 0.02473 


8-51 


AIMEE 


Output Rising Output Falling 
Cell Cell Input Base *Load Base *Load 
Name Description Signal (ns) Factor (ns) Factor 
PDB 2bcddef El 1.523 0.06530 1.040 0.07300 
PDB31beddef 1.389 0.06535 L372 0.04870 
PDB3bcddef 1.628 0.04348 1.131 0.04870 
PDB4bcddef 1.742 0.03260 lates 0.03660 
PDBS2bcddef 1.743 0.03260 1.300 0.02940 
PDB62bcddef 2.216 0.02601 1.362 0.02469 
PDBaabcddeN E2 0.119 0.08686 0.200 0.10140 
PDBaabcddeN AIO 0.148 0.08722 0.133 0.10310 
PSBaabcddef Bi-directional Buffers 
PSBaaCcddef P 1.741 0.01000 2.041 0.00900 
PSBaaTcddef 1.102 0.00900 2.562 0.00900 
PSB9CcddS AO 1.840 0.01503 1.560 0.01564 
PSB91CcddS 2.291 0.04360 3.162 0.02118 
PSB9TcddS 1.840 0.01503 1.560 0.01564 
PSB91TcddS 2.291 0.04360 3.162 0.02118 
PSB9bcddef EO 1.976 0.01503 1.120 0.01664 
PSB9 1bcddef 2.313 0.04369 1.729 0.01910 
PADCIabb Input Buffers 
PADCITbb P 0.639 0.01130 0.650 0.00906 
PADCabc Output Buffers 
PADCO22 AO 0.969 0.06030 1.116 0.07890 
PADCT44 1.015 0.03030 1.119 0.04000 
PADCT66 1.040 0.02050 1.095 0.02660 
PADCT44 E 1.004 0.02960 1.178 0.04000 
PADCT66 1.060 0.01970 1.176 0.02710 
PADCBabcdd Bi-directional Buffers 
PADCBabTdd P 0.639 0.01130 0.650 0.00906 
PADCB22Tdd AO 0.969 0.06030 1.116 0.07890 
PADCB33Tdd 1.018 0.04010 1.145 0.05270 
PADCB22Tdd E 0.976 0.05810 1.135 0.07940 
PADCB33Tdd 0.988 0.03950 1.119 0.05330 
PADCXabc Oscillator Buffers 
PADCX22C PI 0.295 0.06780 0.277 0.07500 
PADIabb Input Buffers 
PADICbb P 0.959 0.01020 1.077 0.01020 
PADITbb 0.639 0.01130 0.650 0.00906 


*Load Factor is ns/FO for input buffers and ns/pF for output buffers. 


8-52. Cell Library [CCX mms 


MTCC Moms: CI) LOTary mdex 


Cell Cell 
Name Description 


Input 
Signal 


PADOab Output Buffers 

PADO22 (4 mA) AO 
PADO33 (6 mA) 

PADO44 (8 mA) 

PADO66 (12 mA) 

PADO88 (16 mA) 


PADTab Tri-state Output Buffers 

PADT22 (4 mA) AO 
PADT33 (6 mA) 

PADT44 (8 mA) 

PADT66 (12 mA) 

PADTCC (24 mA) 


PADT22 (4 mA) E 
PADT33 (6 mA) 

PADT44 (8 mA) 

PADT66 (12 mA) 

PADTCC (24 mA) 


PADBabcdd Bi-directional Buffers 
PADBabCdd P 
PADabTdd 


PADB22cdd (4 mA) AO 
PADB22Tdd (4 mA) 

PADB33Tdd (6 mA) 

PADB44Tdd (8 mA) 

PADB66Tdd (12 mA) 


PADB22cdd E 
PADB22Tdd 
PADB33Tdd 
PADB44Tdd 
PADB66Tdd 


PADXabc Oscillator Buffers 
PADX22C PI 


*Load Factor is ns/FO for input buffers and ns/pF for output buffers. 


AIMET 


Output Rising 
Base *Load 
(ns) Factor 
0.969 0.06030 
1.018 0.04010 
1,015 0.03030 
1.040 0.02050 
1.048 0.01586 
0.969 0.06030 
1.018 0.04010 
1.015 0.03030 
1.040 0.02050 
1.141 0.00995 
0.976 0.05810 
0.988 0.03950 
1.004 0.02960 
1.060 0.01970 
1.085 0.01027 
0.959 0.01020 
0.639 0.01130 
0.969 0.06030 
0.969 0.06030 
1.018 0.04010 
1.015 0.03030 
1.040 0.02050 
0.976 0.05810 
0.976 0.05810 
0.988 0.03950 
1.004 0.02960 
1.060 0.01970 
0.959 0.01020 


Output Falling 


Base 
(ns) 


1.116 
1.145 
1.119 
1.095 
L122 


1.116 
1.145 
1,119 
1.095 
1.211 


1.135 
1.119 
1.178 
1.176 
1.082 


1.077 
0.650 


1.116 
1.116 
1.145 
1;119 
1.095 


1,135 
£135 
1.119 
1.178 
1.176 


1.077 


*Load 
Factor 


0.07890 
0.05270 
0.04000 
0.02660 
0.02009 


0.07890 
0.05270 
0.04000 
0.02660 
0.01313 


0.07940 
0.05330 
0.04000 
0.02710 
0.01550 


0.01020 
0.00906 


0.07890 
0.07890 


0.04000 
0.01313 


0.07940 
0.07940 
0.05330 
0.04000 
0.02710 


0.01020 
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ANIMES 


74XX Series Soft Macros 
Cell Name Cell Description Similar to 
MSI Part Number MS! Part Number 

AT64 4232 And Or Invert T4ALS64 

AT74 DFF T4ALS74 

AT109 JKBar FF T4ALS 109 
AT138 3 to 8 Decoder 74ALS138 
AT139 Dual 2 to 4 Decoder 74ALS139 
AT148 8 to 3 Priority Encoder T4ALS 148 
AT151 8 to 1 MUX 74ALS151 
AT153 4 to 1 MUX T4ALS 153 
AT157 Quad 2 to 1 MUX 74ALS 157 
AT158 Quad Inverting 2 to 1 MUX T4ALS158 
AT161 4 BIT Binary Counter T4ALS161 
AT164 8 BIT Serial in Parallel Out Shift Register T4ALS 164 
AT 166 8 BIT Parallel Load Shift Register T4ALS 166 
AT169 4 BIT U/D Counter T4ALS 169 
AT174 Hex DFF 74ALS174 
AT194 4 BIT BiDi Shift Register T4ALS 194 
AT273 Octal DFF 74ALS273 
AT280 9 BIT Parity Generator T4ALS280 
AT283 4 BIT Fast Adder 74ALS283 
AT688 8 BIT Comparator T4ALS688 
AT823 9 BIT DFF 74ALS823 
AT825 8 BIT DFF 7T4ALS825 
AT85 4 BIT Magnitude Comparator T4ALS85 

AT86 Quad 2 Input Ex OR T4ALS86 


54 Cell ee ee 


canna RT eRERRRNRREE A AS RRC MEM: ELL LOT et 


HDL Macros 
Available in Verilog - HDL or VHDL Simulation Models 


Function Group (Directory): adder 


Cell Name Cell Description 

MSI Part Number 

c_add 2's complement carry look-ahead adder 
c_add12 2's complement carry look-ahead 12 bit adder 
c_add16 2's complement carry look-ahead 16 bit adder 
c_add20 2's complement carry look-ahead 20 bit adder 
c_add24 2's complement carry look-ahead 24 bit adder 
c_add28 2's complement carry look-ahead 28 bit adder 
c_add32 2's complement carry look-ahead 32 bit adder 
c_add4 2's complement carry look-ahead 4 bit adder 
c_add8 2's complement carry look-ahead 8 bit adder 
cla Carry look-ahead 

clal2 Carry look-ahead for 12 bit adder 

clal6 Carry look-ahead for 16 bit adder 

cla20 Carry look-ahead for 20 bit adder 

cla24 Carry look-ahead for 24 bit adder 

cla28 Carry look-ahead for 28 bit adder 

cla32 Carry look-ahead for 32 bit adder 

cla4 2's complement carry look-ahead 4 bit adder 
cla8 2's complement look-ahead for 8 bit adder 
g_add16 2's complement group look-ahead 16 bit adder 
g_add24 2's complement group look-ahead 24 bit adder 
g_add32 2's complement group look-ahead 32 bit adder 
g_add8 2's complement group look-ahead 8 bit adder 
g_add9 2's complement group look-ahead 9 bit adder 
gen_prop Carry generate and propagate 

gen_prop12 Carry generate and propagate for 12 bit adder 
gen_prop16 Carry generate and propagate for 16 bit adder 
gen_prop20 Carry generate and propagate for 20 bit adder 
gen_prop24 Carry generate and propagate for 24 bit adder 
gen_prop28 Carry generate and propagate for 28 bit adder 
gen_prop32 Carry generate and propagate for 32 bit adder 
gen_prop4 Carry generate and propagate for 4 bit adder 
gen-prop8 Carry generate and propagate for 8 bit adder 
glal6 Group look-ahead for 16 bit adder 

glal6x Group look-ahead of 16 bits for second stage 
gla8 Group look-ahead for 8 bit adder 

gla8x Group look-ahead of 8 bits for second stage 
gla9 Group look-ahead for 9 bit adder 


AIMEL om 


AIMEL 
HDL Macros 


Available in Verilog - HDL or VHDL Simulation Models 
Function Group (Directory): alu 


Cell Name Cell Description 

MSI Part Number 

alul6a 16 bit arith logic unit 

alul6ap 16 bit arith logic unit with parity prediction 


alul6op_a 16 bit arith logic unit pre-operation 
alul6op_ap 16 bit pre-operation with parity prediction 
alul6op_t 16 bit t type alu pre-operation 

alul6op_tp 16 bit t type pre_op with parity prediction 
alul6tp 16 bit t type alu, with parity prediction 
alu32a 32 bit arith logic unit 

alu32ap 32 bit arith logic unit with parity prediction 
alu320p_a 32 bit arith logic unit pre-operation 
alu320p_ap 32 bit pre-operation with parity prediction 
alu32op_t 32 bit type t alu pre-operation 

alu8a 8 bit arith logic unit 

alu8a_dcod arith logic unit operand decoder 

alu8ap 8 bit arith logic unit with parity prediction 
alu8o0p_a 8 bit arith logic unit pre-operation 

alu8 op_ap 8 bit arith logic unit parity prediction 
alu8t_dcod t type arith logic unit operand decoder 
alu_g16 16 bit adder for alu 

alu_gl6p 16 bit parity prediction for adder 

alu_g32 32 bit group look-ahead adder for alu 
alu_g32p 32 bit parity prediction for adder 

alu_g8 8 bit adder for alu 

alu_g8p 8 bit parity prediction for adder 

alu_gl16 16 bit group look-ahead for alu, Ist stage 
alu_gl32 32 bit group look-ahead for alu, Ist stage 
alu_gl8 8 bit group look-ahead for alu, Ist stage 
alu_g1x16 16 bit group look-ahead for alu, 2nd stage 
getl6msb One hot 16 bit priority encoder 


2-56 Cell Library [Ce X semua nse casas 


siniaanccmmnn once meena ce mmmmmnnmmmmmEe: 2), LiOrary index 


HDL Macros 
Available in Verilog - HDL or VHDL Simulation Models 


Function Group (Directory): baud rate generator 


Cell Name Cell Description 

MSI Part Number 

brg16l Baud Rate Generator, 16 bit prog. (tc latch) 
brg 16r Baud Rate Generator, 16 bit prog. (tc register) 
dpll Digital Phase Lock Loop 


Function Group (Directory): comparator 


Cell Name Cell Description 

MSI Part Number 

ecmp Expandable equality comparator 
ecmp12 12 bit equality comparator 
ecmp16 16 bit equality comparator 
ecmp20 20 bit equality comparator 
ecmp24 24 bit equality comparator 
ecmp28 28 bit equality comparator 
ecmp32 32 bit equality comparator 
ecmp4 4 bit equality comparator 
ecmp8 8 bit equality comparator 
mcmp12 12 bit magnitude comparator 
mcmp16 16 bit magnitude comparator 
mcmp20 _ 20 bit magnitude comparator 
mcmp24 24 bit magnitude comparator 
mcmp28 28 bit magnitude comparator 
mcmp32 32 bit magnitude comparator 
mcmp4 4 bit magnitude comparator 
mcmp4i Internal 4 bit magnitude comparator 
mcmp8 8 bit magnitude comparator 
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Available in Verilog - HDL or VHDL Simulation Models 
Function Group (Directory): counter 


Cell Name 
MSI Part Number 


csbda 
csbds 
csbdxa 
csbdxs 
csblda 
csblds 
csbldxa 
csbldxs 
csblpa 
csbIps 
csblpxa 
csblpxs 
csblua 
csblus 
csbluxa 
csbluxs 
csbpa 
csbps 
csbpxa 
csbpxs 
csbua 
csbus 
csbuxa 
csbuxs 
csvblu 
csvblup 
csvblupd 


Cell Description 


Synchronous Down Center Asynchronous Preset 

Synchronous Down Center Synchronous Preset 

Expandable Synchronous Binary Down Cenetr Asynchronous Preset 
Expandable Synchronous Binary Down Center Synchronous Preset 
Synchronous Binary Loadable Down Center Asynchronous Preset 
Synchronous Binary Loadable Down Center Synchronous Preset 
Expandable Synchronous Binary Loadable Down Center Asynchronous Preset 
Expandable Synchronous Loadable Binary Down Center Sinchronous Preset 
Sinchronous Binary Loadable Up/Down Center Asynchronous Clear/Preset 
Synchronous Binary Loadable Up/Down Center Synchronous Clear/Preset 
Expandable Synchronous Binary Loadable Up Center Asynchronous Clear 
Expandable Synchronous Binary Loadable Up Center Synchronous Clear 
Synchronous Binary Loadable Up Center Asynchronous Clear 
Synchronous Binary Loadable Up Center Synchronous Clear 

Expandable Synchronous Binary Loadable Up Center Asynchronous Clear 
Expandable Synchronous Loadable Binary Up Center Synchronous Clear 
Synchronous Binary Up/Down Center Asynchronous Clear/Preset 
Synchronous Binary Up/Down Center Synchronous Clear/Preset 
Expandable Synchronous Binary Up Center Asynchronous Clear 
Expandable Synchronous Binary Up Center Synchronous Clear 
Synchronous Binary Up Center Asynchronous Clear 

Synchronous Binary Up Center Synchronous Clear 

Expandable Synchronous Binary Up Center Asynchronous Clear 
Expandable Synchronous Binary Up Center Synchronous Clear 
Synchronous Variable Binary Loadable Up Center 

Synchronous Variable Binary Loadable Up Center W/Parity 

Synchronous Variable Binary Loadable Up Center W/Parity and Difference 
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HDL Macros 
Available in Verilog - HDL or VHDL Simulation Models 
Function Group (Directory): fifo 


Cell Name 


MSI Part Number 


Cell Description 


af_cu3 Control for 3 deep asynchronous fifo's 

af_ctl8 Control for 8 deep asynchronous fifo's 

dx8_16s Data expander for synchronous fifo front end 

fl6w3da Asynchronous 16 bit wide, 3 byte deep fifo 

f16w4d2cs Synchronous 4 byte deep fifo, independent read/write control 
fl16w4ds Synchronous 16 bit wide, 4 byte deep fifo 

fl6w8d2cs Synchronouse 8 byte deep fifo, independen read/write control 
fl6w8da Asynchronous 16 bit wide, 8 byte deep fifo 

f16w8ds Synchronous 16 bit wide, 8 byte deep fifo 

f18w3da Asynchronous 18 bit wide, 3 byte deep fifo 

f18w4d2cs Synchronous 4 byte deep fifo, independent read/write control 
f18w4ds Synchronous 18 bit wide, 4 byte deep fifo 

f18w8d2cs Synchronous 8 byte deep fifo, independent read/write control 
f18w8da Asynchronous 18 bit wide, 8 byte deep fifo 

f18w8ds Synchronous 18 bit wide, 8 byte deep fifo 

f32w3da Asynchronous 32 bit wide, 3 byte deep fifo 

f32w4d2cs Synchronous 4 byte deep fifo, independent read/write control 
f32w4ds Synchronous 32 bit wide, 4 byte deep fifo 

f32w8d2cs Synchronous 8 byte deep fifo, independent read/write control 
f32w8da Asynchronous 32 bit wide, 8 byte deep fifo 

f32w8ds Synchronous 32 bit wide, 8 byte deep fifo 

f36w3da Asynchronous 36 bit wide, 3 byte deep fifo 

f36w4d2cs Synchronous 4 byte deep fifo, independent read/write control 
f36w4ds Synchronous 36 bit wide, 4 byte deep fifo 

f36w8d2cs Synchronous 8 byte deep fifo, independent read/write control 
f36w8da Asynchronous 36 bit wide, 8 byte deep fifo 

f36w8ds Synchronous 36 bit wide, 8 byte deep fifo 

f8i16w4d2cs Synchronous 4 byte deep fifo, independent read/write control 
f8w3da Asynchronous 8 bit wide, 3 byte deep fifo 

f8w4d2cs Synchronous 4 byte deep fifo, independent read/write control 
f8w4ds Synchronous 8 bit wide, 4 byte deep fifo 

f8w8d2cs Synchronous 8 byte deep fifo, independent read/write control 
f8w8da Asynchronous 8 bit wide, 8 byte deep fifo 

f8w8ds Synchronous 8 bit wide, 8 byte deep fifo 

f9w3da Asynchronous 9 bit wide, 3 byte deep fifo 

f9w4d2cs Synchronous 4 byte deep fifo, independent read/write control 
f9w4ds Synchronous 9 bit wide, 4 byte deep fifo 

f9w8d2cs Synchronous 8 byte deep fifo, independent read/write control 
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Available in Verilog - HDL or VHDL Simulation Models 
Function Group (Directory): fifo (continued) 


Cell Name Cell Description 

MSI Part Number 

f9w8da Asynchronous 9 bit wide, 8 byte deep fifo 

f9w8ds Synchronous 9 bit wide, 8 byte deep fifo 

Itwd16 Two byte latch for asynchronous fifo's 

Itwd18 Eighteen bit latch for asynchronous fifo's 

ltwd32 Four byte latch for asynchronous fifo's 

ltwd36 Thirty six bit latch for asynchronous fifo's 

Itwd8 One byte latch for asynchronous fifo's 

Itwd9 Nine bit latch for asynchronous fifo's 

regwdl6 Two byte register for synchronous fifo's 

regwd18 Eighteen bit register for synchronous fifo's 

regwd32 Four byte register for synchronous fifo's 

regwd36 Thirty six bit register for synchronous fifo's 

regwd8 One byte register for synchronous fifo's 

regwd9 Nine bit register for synchronous fifo's 

rw_ptr4 read/write control for 4 deep synchronous fifo 

rw_ptrsg read/write control for 8 deep synchronous fifo 

sf_ctl4 Control for 4 deep synchronous fifo w/independent read/write control 
sf_cu8 Control for 8 deep synchronous fifo w/indepependent read/write control 


Function Group (Directory): inc_dec 


Cell Name Cell Description 

MSI Part Number 

dec12 Twelve bit decrementer 

dec12p Twelve bit decrementer with parity prediction 

dec 13 Thirteen bit decrementer 

dec13p Thirteen bit decrementer with parity prediction 
dec16 Sixteen bit decrementer 

dec 16p Sixteen bit decrementer with parity prediction 
dec24 Twenty four bit decrementer 

dec24p Twenty four bit decrementer with parity prediction 
dec32 Thirty two bit decrementer 

dec32p Thirty two bit decrementer with parity prediction 
dec4f Four bit decrementer, for first stage 

dec4fp Four bit decrementer parity predictor, for 1st stage 
dec4x Four bit decrementer, extendable 

dec4xp Four bit decrementer parity predictor, for 2nd + stages 
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HDL Macros 
Available in Verilog - HDL or VHDL Simulation Models 


Function Group (Directory): inc_dec (continued) 


Cell Name Cell Description 
MSI Part Number 
dec5f Five bit decrementer, for first stage 
decSfp Five bit decrementer parity predictor, for 1st stage 
dec5x Five bit decrementer, extendable 
dec5xp Five bit decrementer parity predictor, for 2nd + stages 
dec8 Eight bit decrementer 
dec8p Eight bit decrementer with parity prediction 
idec12 Twelve bit incrementer/decrementer 
idec12p Twelve bit incrementer/decrementer with parity prediction 
idec13 Thirteen bit incrementer/decrementer 
idec13p Thirteen bit incrementer/decrementer with parity prediction 
idec16 Sixteen bit incrementer/decrementer 
idecl6p Sixteen bit incrementer/decrementer with parity prediction 
idec24 Twenty four bit incrementer/decrementer 
idec24p Twenty four bit incrementer/decrementer with parity prediction ~ 
idec32 Thirty two bit incrementer/decrementer 
idec32p Thirty two bit incrementer/decrementer with parity prediction 
idec4f Four bit incrementer/decrementer for 1st stage 
idec4fp Four bit incrementer/decrementer parity predictor, Ist stage 
idec4x Four bit incrementer/decrementer, extendable 
idec4xp Four bit incrementer/decrementer parity predictor, 2nd + stages 
idecSf Five bit incrementer/decrementer, for 1st stage 
idecSfp Five bit incrementer/decrementer parity predictor, Ist stage 
idec5x Five bit incrementer/decrementer, extendable 
idecSxp Five bit incrementer/decrementer parity predictor, 2nd + stages 
idec8 Eight bit incrementer/decrementer 
idec8p Eight bit incrementer/decrementer with parity prediction 
inc12 Twelve bit incrementer 
inc12p Twelve bit incrementer with parity prediction 
inc13 Thirteen bit incrementer 
inc13p Thirteen bit incrementer with parity prediction 
incl6 Sixteen bit incrementer 
inc 16p Sixteen bit incrementer with parity prediction 
inc24 Twenty four bit incrementer 
inc24p Twenty four bit incrementer with parity prediction 
~ ine32 Thirty two bit incrementer 
inc32p Thirty two bit incrementer with parity prediction 
inc4f Four bit incrementer, for first stage 
inc4fp Four bit incrementer parity predictor, for first stage 
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Function Group (Directory): inc_dec (continued) 


Cell Name Cell Description 

MSI Part Number 

inc4x Four bit incrementer, extendable 

inc4xp Four bit incrementer parity predictor, for 2nd + stages 
incSf Five bit incrementer, for first stage 

incSfp Five bit incrementer parity predictor, for first stage 
inc5x Five bit incrementer, extendable 

incSxp Five bit incrementer parity predictor, for 2nd + stages 
inc8 Eight bit incrementer 

inc8p Eight bit incrementer with parity prediction 


Function Group (Directory): mux 


Cell Name Cell Description 

MSI Part Number 

mx2X 4 bit wide, non-inverting 2 to 1 mux 
mx3X 4 bit wide, non-inverting 3 to 1 mux 
mx4X 4 bit wide, non-inverting 4 to 1 mux 
mx5X 4 bit wide, non-inverting 5 to 1 mux 
mx6X 4 bit wide, non-inverting 6 to 1 mux 
mx7X 4 bit wide, non-inverting 7 to 1 mux 
mx8X 4 bit wide, non-inverting 8 to 1 mux 
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Available in Verilog - HDL or VHDL Simulation Models 


Function Group (Directory): par_ecc 


Cell Name Cell Description 

MSI Part Number 

ecc32cd 32 Bit ECC Corrector Decoder 

ecc32cd 32 Bit ECC Corrector Decoder 

ecc32cl ECC Corrector for 32 Bit Data (latched inputs) 
ecc32gl ECC Generator for 32 Bit Data (latched inputs) 
epl2gv Even Parity Vector Generator for 12 bit Input 
epl3gv Even Parity Vector Generator for 13 bit Input 
epl6gv Even Parity Vector Generator for 16 bit Input 
epar12chk Even Parity Checker W/Test Input for 12 Bits 
eparl2gen Even Parity Generator for 12 bit Input 
epar13chk Even Parity Checker W/Test Input for 13 Bits 
eparl3gen Even Parity Generator for 13 bit Input 
eparl6gen Even Parity Generator for 16 bit Input 
eparXchk Even Parity Checker W/Test In for Small Widths 
eparXgen Even Parity Generator for Small Data Widths 
Opar16gen Odd Parity Generator for 16 bit Input 


Function Group (Directory): scan (JTAG-IEEE Std 1149.1-1990) 


Cell Name Cell Description 

MSI Part Number 

bypass_reg Bypass Register Cell 

dr3soc Data Register 3-State Output Cell 

dr3socct Data Register 3-State Output Cell w/full EXTEST & INTEST Support 

dr3socoep Data Register 3-State Output Cell with Output Enable from System Pin and 
Supporting INTEST Instruction 

drbic Data Register Input or Output Cell 

dri_oc Data Register Input or Output Cell 

dric Data Register Input Cell 

dricf1 Data Register Input Cell Forcing a‘l' during EXTEST 

dricpo Data Register Input Cell with Parallel Output Register 

dricsco Data Register Input Cell Allowing Signal Capture Only Used when 
Implementing Only the Mandatory Instructions 

driocc Data Register Bi-Directional Output Enable Cell 

drmanbic Data Register Cell at Bi-Directional Pin when only Mandatory 
Instructions are Implemented 

drocnointest Data Register Output Cell without INTEST Support 

idreg ID Register 
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Function Group (Directory): scan (JTAG-IEEE Std 1149.1-1990) (continued) 


Cell Name 
MSI Part Number 


idusreg 
instreg 


min_instreg 
tap_controller 
tap_decode 
tap_mindecode 
bscb 

bscbX 

bscc 

bsccV 

bsci 

bsciX 

bsco 

bscoX 
sdiregX 
sdregX 

sregx 


Function Group (Directory): shifter 


Cell Description 


IDCODE and USERCODE Registers 

Instruction Register for both Mandatory and Optional instructions. 
A RESET will load the IDCODE instruction 

Instruction Register for Mandatory Instruction Only 

Tap Controller Cell 

Instruction Register Decoder for all Public Instruction 
Instruction Register [Decoder or Mandatory Instructions Only 
boundary Scan Cell for Bi-Directional pad 

boundary Scan Cells for Bi Directional pads 

boundary Scan Control Cell 

boundary Scan Control Cell with vectored output 

boundary Scan Cell for Input pin 

boundary Scan Cells for Input pins 

boundary Scan Cell for Output pin 

boundary Scan Cells for Output pins 

Scan register with data input and load control 

Scan register with data input 

Scan register without data input 


Cell Name 
MSI Part Number 


bshiftl6 
bshiftl6a 
bshift16l 
bshift32 
bshift32a 
bshift321 
bshift8 
bshift8a 
bshift81 


Cell Description 


16 bit barrel shifter - logical and arithmetic 
16 bit arithmetic barrel shifter 

16 bit logical barrel shifter 

32 bit barrel shifter - logical and arithmetic 
32 bit arithmetic barrel shifter 

32 bit logical barrel shifter 

8 bit barrel shifter - logical and arithmetic 
8 bit arithmetic barrel shifter 

8 bit logical barrel shifter 
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Function Group (Directory): multipliers 


Cell Name Cell Description 

MSI Part Number 

m10x10p1 10 x 10 booth bit_pair recoded multiplier with one pipeline 
m12x10p1 12 x 10 booth bit_pair recoded multiplier with one pipeline 
m12x8p2 12 x 8 booth bit_pair recoded multiplier with two pipelines 
m8x8p1 8 x 8 booth bit_pair recoded multiplier with one pipeline 
m16x16p1 16 x 16 booth bit_pair recoded multiplier with one pipeline 
m16x8p1 16 x 8 booth bit_pair recoded multiplier with one pipeline 
m12x12p1 12 x 12 booth bit_pair recoded multiplier with one pipeline 
m12x14 12 x 14 booth bit_pair recoded multiplier 

m16x12p2 16 x 12 booth bit_pair recoded multiplier with two pipelines 
m8x8p3 8 x 8 booth bit_pair recoded multiplier with three pipelines 


8-65 


AIMEL 


66 Cell LIDrary INGCX  mmmzsnmemessenumseanensenseeein nese eeeeecRE RARER 


Product Information 
E"PROMs 
PEROMs (Flash) 


EPROMs 4 
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Quality and Reliability 
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Die Products 
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Features 


e Two-Chip PC/AT Compatible Chip Set for 80386DX Systems 
Operating up to 40 MHz 
AT40391B System and Cache Controller 
AT40392 Data Buffer Controller 
e Two 160-Pin Quad Flatpacks 
On-Chip Support for Direct-Mapped Write-Back Cache 
0 Wait State Cache Read Hit and Programmable 0/1 Wait State 


Cache Write Hit 80386 DX 


Two Programmable Non-Cacheable Regions 
On-Chip Tag Comparator 

Burst Line Fill During Cache Read Misses PC/AT 
Page Mode Main Memory Operation with Programmable Wait States Ch i p Set 
Supporting Platform Memory Sizes up to 64 Mbytes 

Support for 256K, 1-Mbit and 4-Mbit DRAMs 

Low Power CAS# Before RAS#, Transparent DRAM Refresh 
Low Power, Slow Refresh for Laptop PC Operation 

Parity Generation and Detection 

Support for Shadow RAM 

Cacheable Video BIOS Option 

8042 Emulation for Fast CPU Reset and Gated A20 Generation 
ISA Bus Control with Programmable Clock 

0 or 1 Wait State for 16-Bit ISA Bus Cycles 

Support for 80387DX and 3167 Numeric Co-processors 


Block Diagram 


CPU Peripheral Peripheral ISA 
Data Data Address Address 
Bus Bus Bus Bus 
CPU ISA 
Address Data 
Bus MD Bus 


AT40206 
Integrated Peripheral & ar 
Controller 


AT40392 
DATA BUFFER 
CONTROLLER 


80387DX 
Numeric 
Co-processor 


80386DX 
CPU = 


al 


CACHE 
CONTROLLER 


9-3 


AIMEL 


Description 


The Atmel AT40391B/AT40392 chip set is a 100% IBM 
PC/AT compatible chip set for 80386DX based systems operat- 
ing up to 40 MHz. The high integration and an on-chip write- 
back, direct-mapped cache controller design allows maximum 
system performance. Together with a peripherai controller, such 
as the AT40206 integrated peripheral controller, a very high 
performance, yet low cost, 80386DX motherboard can be built 
with a minimum number of components. 


The AT40391B system controller performs the system control, 
memory and cache control functions. The system control logic 
consists of the following logic blocks: CPU control, AT bus 
cycle control, numeric co-processor control, synchronous clock 
circuitry and peripheral bus control. The memory and cache 
controller functions consist of a write-back, direct-mapped 
cache controller and a paged mode DRAM controller. The 
AT40391B supports cache sizes up to 256 Kbytes (16-byte line 
size), and platform memory sizes up to 64 Mbytes. 


Functional Block Diagram 


AT40391B System and Cache Controller 


CPU 
Interface 


Logic 


AT40392 Data Buffer Controller 
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The AT40392 data buffer controller performs the data buffer 
and co-processor interface functions. The data buffer logic per- 
forms bus conversion logic for various 8-, 16- and 32-bit data 
movements as required among the system buses. The other 
functions of the AT40392 are co-processor interface, keyboard 
controller decoding, reset and generation of various peripheral 
clocks. 


Low cost systems are made possible through the support of 
single ROM/EPROM BIOS configurations. The BIOS 
ROM/EPROM can be either 8-bit or 16-bit. DRAM is located 
on the system platform bus, thus reducing DRAM speed re- 
quirements by at least 15 ns. 


The AT40391B/AT40392 PC/AT chip set is compatible with 


the AT40206 integrated peripheral controller and works with 
BIOS from AMI, Phoenix, Award and Quadtel. 


Numeric 
Co-processor 3 


4 
14 

Peripheral 
Logic 23 

Peripheral 
Logic 23 
- ISA Bus i | 

Logic 20 
6 

Numeric 
Co-processor 0 


Logic 
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AT40391B System and Cache Controller 


e Prog rammable clock generators for the platform 
and ISA buses 
CPU and numeric co-processor reset control 
Direct-mapped write-back cache controller 
0 wait state cache read hit and programmable 0/1 
wait state cache write hit 
Two programmable non-cacheable regions 
Cacheable video BIOS option 
On-chip tag RAM comparator 
Burst line fill during cache read misses 
Programmable page mode DRAM controller for 
256K, 1-Mbit, and 4-Mbit DRAMs for platform 
memory sizes up to 64 Mbytes 
e Decoupled system platform and ISA bus DRAM 
refresh 
e Low power CAS# before RAS#, transparent 
DRAM refresh 
Slow refresh option 
e Shadow RAM support 
e Programmable 0/1 wait state for ISA bus cycles 


Pin Configuration 


The Atmel AT40391B is a highly integrated system and cache 
controller for 25 MHz, 33 MHz and 40 MHz 80386DX PC/AT 
systems. When combined with the AT40392 data buffer con- 
troller and the AT40206 integrated peripheral controller, a pow- 
erful but low cost PC/AT can be built with minimal compo- 
nents. 


The AT40391B performs all the system control, memory con- 
trol, cache control, and bus arbitration functions for an 
80386DX PC/AT system including the reset and power shut- 
down functions and synchronous CPU and ISA bus clocks gen- 
eration. The flexible memory controller supports system mem- 
ory sizes up to 64 Mbytes with a wide range of DRAMs. The 
direct-mapped write-back cache controller implements a high 
performance cache system while requiring minimal external 
components. The functions of the AT40391B are programmed 
through twelve configuration registers. 


AT40391 


r System and Cache 


Controller 


AT40392 Data Buffer Controller 


Data bus conversions 

DRAM parity generation and detection 

ISA bus direction control 

Reset logic 

Peripheral clock generation 

Keyboard and real-time clock chip select 
Speaker control 

PortB, 70H and NMI logic 

Numeric co-processor interface 

Keyboard reset and Gate A20 emulation logic 


Pin Configuration 
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Data Buffer 
Controller 


The Atmel AT40392 is a highly integrated data buffer controller 
for 25 MHz, 33 MHz and 40 MHz 80386DX based PC/AT sys- 
tems. Together with the AT40391B system and cache control- 
ler and the AT40206 integrated peripheral controller, alow cost 
yet powerful PC/AT can be built with minimal components. 


The AT40392 data buffer controller performs all of the data 
buffering control required in a 386DX PC/AT system. Under 
the control of the CPU and the AT40391B system and memory 
controller, the AT40392 routes data to and from the CPU bus, 
MD bus, XD bus and the ISA bus, while also providing any 
necessary data size conversions. The AT40392 also performs 
high byte to low byte and low byte to high byte swapping on the 
ISA bus. For platform DRAM accesses, the AT40392 per- 
forms parity error checking and generation. 


AT40392 
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AT40391B/392 


Ordering Information 


CPU Clock Power ; 
(MHz) Supply Ordering Code Package Operation Range 

5V+5% AT40391B-25 160Q Commercial 

AT40392-25 160Q (0°C to 70°C) 

5V+5% AT40391B-33 a | 

AT40392-33 a (0°C to | 

5V+5% AT40391B-40 160Q Commercial 

AT40392-40 160Q (0°C to 70°C) 


Package Type 
160Q | 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 
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Features 


e¢ Two-Chip PC/AT Compatible Chip Set for 80486 Based Systems 
Operating up to 50 MHz 
AT40493 System and Cache Controller 
AT40392 Data Buffer Controller 
e Two 160-Pin Quad Flatpacks 
e On-Chip Support for Direct-Mapped Write-Back Cache 
e 0 Wait State Cache Read Hit and Programmable 0/1 Wait State 
Cache Write Hit 
Two Programmable Non-Cacheable Regions 80486 
On-Chip Tag Comparator 
Burst Line Fill During Cache Read Misses PC/AT 
Page Mode Main Memory Operation with Programmable Wait States Ch i p Set 
Supporting Platform Memory Sizes up to 64 Mbytes 
Support for 256K, 1-Mbit and 4-Mbit DRAMs 
Low Power CAS# Before RAS#, Transparent DRAM Refresh 
Low Power, Slow Refresh for Laptop PC Operation 
Parity Generation and Detection 
Support for Shadow RAM 
Cacheable Video BIOS Option 
8042 Emulation for Fast CPU Reset and Gated A20 Generation 
ISA Bus Control with Programmable Clock 
0 or 1 Wait State for 16-Bit ISA Bus Cycles 
Support for Local Bus Peripherals 
Supports 2-1-1-1 and 3-2-2-2 Cache and DRAM Burst Cycles 


Block Diagram 
CPU Peripheral Peripheral 


Data Data Address Address 
Bus Bus Bus 
CPU ISA 
Address Data 
Bus MD Bus 


AT40206 | 
Integrated Peripheral Lt ae 
Controller 


Local Bus 
Peripheral Z 
E AT40392 - = Keyboard 
DATA BUFFER ms Controller 
CONTROLLER 


a 
|e E 


AT40493 
SYSTEM AND 
CACHE 
CONTROLLER 
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Description 


The Atmel AT40493/AT40392 chip set is an IBM PC/AT com- 
patible chip set for 80486 based systems operating up to 50 
MHz. The high integration and an on-chip write-back, direct- 
mapped cache controller design allows maximum system per- 
formance. Together with a peripheral controller, such as the 
AT40206 integrated peripheral controller, a very high perfor- 
mance, yet low cost, 80486 motherboard can be built with a 
minimum number of components. 


The AT40493 system controller performs the system control, 
memory and cache control functions. The system control logic 
consists of the following logic blocks: CPU control, AT bus 
cycle control, numeric co-processor control, synchronous clock 
circuitry and peripheral bus control. The memory and cache 
controller functions consist of a write-back, direct-mapped 
cache controller and a paged mode DRAM controller. The 
AT40493 supports cache sizes up to 512 Kbytes (16-byte line 


AT40493 System and Cache Controller 


42 


17 


32 


37 


38 


AT40392 Data Buffer Controller 


9-10 AT40493/392 


size), platform memory sizes up to 64 Mbytes and burst mode 
for all system configurations. 


The AT40392 data buffer controller performs the data buffer 
and co-processor interface functions. The data buffer logic per- 
forms bus conversion logic for various 8-, 16- and 32-bit data 
movements as required among the system buses. The other 
functions of the AT40392 are co-processor interface, keyboard 
controller decoding, reset and generation of various peripheral 
Clocks. 


Low cost systems are made possible through the support of 
single ROM/EPROM BIOS configurations. The BIOS 
ROM/EPROM can be either 8-bit or 16-bit. DRAM is located 
on the system platform bus, thus reducing DRAM speed re- 
quirements by at least 15 ns. 


Numeric 
Co-processor 3 


23 


23 


20 


Numeric 
Co-processor 


Logic 10 
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Atmel AT40493 System and Cache Controller 


Programmable ISA bus clock generator 
CPU and numeric co-processor reset control 
Direct-mapped write-back cache controller 


0 wait state cache read hit and programmable 0/1 


wait state cache write hit 

Two programmable non-cacheable regions 
Cacheable video BIOS option 

On-chip tag RAM comparator 

Burst line fill during cache read misses 
Programmable page mode DRAM controller for 
256K, 1-Mbit, and 4-Mbit DRAMs for platform 
memory sizes up to 64 Mbytes 

Decoupled system platform and ISA bus DRAM 
refresh 

Low power CAS# before RAS#, transparent 
DRAM refresh 

Slow refresh option 

Shadow RAM support 

Programmable 0/1 wait state for ISA bus cycles 
Supports 2-1-1-1 and 3-2-2-2 cache and DRAM 
burst cycles 


Pin Configuration 


RST1# 
RST2# 
M16# 
VO16# 
NOWS# 
CHRDY 
TURBO 
GATEA20 
BCLKS 
MIO16# 
INTA 
HRQ 
OUT! 
AEN3# 
AEN16# 
SMRD# 
GND 
SMWR# 
ADS8 
ADS16 
ATCYC# 


The Atmel AT40493 is a highly integrated system and cache 
controller for 16 MHz, 20 MHz, 25 MHz, 33 MHz and 50 MHz 
80486 PC/AT systems. When combined with the AT40392 data 
buffer controller and the AT40206 integrated peripheral con- 
troller, a powerful but low cost PC/AT can be built with minimal 
components. 


The AT40493 performs all the system control, memory control, 
cache control, and bus arbitration functions for an 80486 PC/AT 
system including the reset and power shutdown functions and 
synchronous CPU and ISA bus clocks generation. The flexible 
memory controller supports system memory sizes up to 
64 Mbytes with a wide range of DRAMs. The direct-mapped 
write-back cache controller implements a high performance 
cache system while requiring minimal external components. 
The functions of the AT40493 are programmed through twelve 
configuration registers. 


AT40493 
System and Cache 
Controller 
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AT40392 Data Buffer Controller 


Data bus conversions 

DRAM parity generation and detection 

ISA bus direction control 

Reset logic 

Peripheral clock generation 

Keyboard and real-time clock chip select 
Speaker control 

PortB, 70H and NMI logic 

Numeric co-processor interface 

Keyboard reset and Gate A20 emulation logic 


Pin Configuration 


AIMEL 


The Atmel AT40392 is a highly integrated data buffer controller 
for 16 MHz, 20 MHz, 25 MHz, 33 MHz and 50 MHz 80486 
based PC/AT systems. Together with the AT40493 system 
and cache controller and the AT40206 integrated peripheral 
controller, a low cost yet powerful PC/AT can be built with 
minimal components. 


The AT40392 data buffer controller performs all of the data 
buffering control required in a 486 PC/AT system. Under the 
control of the CPU and the AT40493 system and memory con- 
troller, the AT40392 routes data to and from the CPU bus, MD 
bus, XD bus and the ISA bus, while also providing any neces- 
sary data size conversions. The AT40392 also performs high 
byte to low byte and low byte to high byte swapping on the ISA 
bus. For platform DRAM accesses, the AT40392 performs 
parity error checking and generation. 


AT40392 x 


Data Buffer 
Controller 
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Ordering Information 


CPU Clock Power : 
(MHz) Supply Ordering Code Package Operation Range 
25 5V+5% AT40493-25 160Q Commercial 
AT40392-25 160Q (0°C to 70°C) 
oo 5V+5% AT40493-33 160Q Commercial 
AT40392-33 160Q (0°C to 70°C) 
50 5V+5% AT40493-50 160Q Commercial 
AT40392-50 160Q (0°C to 70°C) 


Package Type 


160Q | 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 
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AT40495 
Addendum to AT40493 


The AT40495 system and cache controller 
functions exactly like the AT40493 (see 
AT40493 data sheet) with the following ex- 
ceptions: 


e The AT40495 supports one or two banks 
of cache SRAM and does not require the 
use of buffers in the data path. Thus the 
even and odd bank output enables 
(BEOE# and BOOE?#, respectively) are 
not asserted during CPU or DMA write 
cycles. 


e The TLB# (pin 110) signal on the 
AT40493 is redefined as BEA2# (cache 
even bank address bit 2). 


e The AT40495 supports 2-1-1-1 cache 
burst mode for 16 MHz, 20 MHz and 25 
MHz operation and 3-2-2-2- cache burst 
mode for 33 MHz and 50 MHz 
operation. 


ATMEL 


80486 
PC/AT 
Chip Set 
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Ordering Information 


CPU Clock Power 
(MHz) Suneh Ordering Code Operation Range 

5V+5% AT40495-25 160Q Commercial 

A1T40392-25 160Q (0°C to 70°C) 

33 5V+5% AT40495-33 160Q Commercial 
AT40392-33 160Q (0°C to 70°C) 
50 5V+5% AT40495-50 160Q Commercial 
AT40392-50 160Q (0°C to 70°C) 


Package Type 
160Q 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 
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Features 


¢ One-Chip PC/AT Compatible Core Logic Controller for 80486 Systems 
Operating Up to 66 MHz. 

One 208-Pin Quad Flatpack, Sub-Micron CMOS Technology 

Direct Mapped Write-Back Cache Controller with Burst Fill 
Programmable 2-1-1-1, 3-1-1-1, 2-2-2-2 and 3-2-2-2 Cache Burst Cycles 
Local Bus Peripheral Support 

Port B Register and NMI Logic 

Programmable ISA Bus Clock Generator 

Back-to-Back 16-Bit ISA Bus Cycles 80486 


256K, 1-Mbit and 4-Mbit DRAM Support : 
Up to 64 Mbytes of Platform Memory Co re Logic 


Shadow RAM Support 
OS/2 Alternate Hot Reset Support Controller 


Block Diagram 


CPU ISA 
Address CPU Peripheral Data 
Bus Data pte ISA Bus 
B 
= Bus Address 


Bus 


AT40206 
Integrated 
Peripheral 
Controller 


BIOS 
ROM 


Peripheral 


Keyboard 


Numeric Controller 
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Description 

The Atmel AT40498 is a highly integrated single-chip core 
logic controller for 80486 PC/AT systems operating up to 66 MHz. 
The chip integrates system control, memory control, secondary 
cache control, bus arbitration functions, and data buffering and 
translation. In addition, the AT40498 supports local bus peripherals. 


The secondary write-back cache controller supports one-bank or 
two-bank operation with interleaving to maximize performance. 
Cache sizes can range from 32 Kbytes to 512 Kbytes. Cache 
read and write burst cycles are programmable. 


Together with a standard peripheral controller such as the 


AT40206 IPC and a minimum number of other components, the 
AT40498 implements a powerful, low-cost PC/AT compatible 
computer. 


The memory controller addresses up to 64 Mbytes of main 
memory. The memory can consist of 256K, 1-Mbit, and 4-Mbit 
DRAMS. Refresh can be conventional or hidden, fast or slow. 


Pin Configuration 
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Core Logic Controller Block Diagram 
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Ordering Information 


CPU Clock Power ; 
(M Hz) inde Ordering Code Operation Range 

25 5V+5% AT40498-25 208Q Commercial 
(0°C to 70°C) 

33 5V+5% AT40498-33 208Q Commercial 
(0°C to 70°C) 

5V+5% AT40498-50 208Q Commercial 

(0°C to 70°C) 


Package Type 
208Q 208 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 
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Features 


One-Chip PC/AT Compatible Core Logic Controller for 80386SX Systems 
operating up to 33 MHz 

One 160-Pin Quad Flatpack, 1-Micron CMOS Technology 

CPU Interface and ISA Bus Control 

Direct Mapped Posted Write Cache Controller with Burst Cache Fill 
Numeric Co-processor Support 

OS/2 Alternate Hot Reset Support 

Programmable Clock Generator for the ISA Bus 

Port B Register and NMI Logic 386SX 
256K, 1-Mbit and 4-Mbit DRAM Support = 
Up to 16 Mbytes Platform Memory Co re Logic 
Shadow RAM Support 


Multiple Interleave Paging (MIP™) of Platform Memory Co ntrol ler 


Block Diagram 


CPU Peripheral ISA 
Address Data Data 
CPU 
Bus Data Bus Bus 
Bus ISA 
AT40206 Address 


Integrated 
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Controller 
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[| corevoce [ [SSCS 
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Description 


The Atmel AT40281 is a highly integrated single-chip core 
logic controller for 80386SX PC/AT systems operating up to 
33 MHz. The chip integrates system control functions including 
reset logic and generation of the system clocks (CPU clock, ISA 
bus clock and the 1.19 MHz clock for the timer input), the local 
bus and ISA bus controllers, the memory controller and a direct 
mapped posted write cache controller. 

The AT40281 decodes the CPU and ISA bus states to arbitrate 
among the various bus masters in the system. Data bus conver- 
sion, bus steering functions and data buffers and latches are all 
integrated on chip. 

A variety of memory configurations and types of DRAMs can 
be used with the AT40281. Platform memory parity checking 
and generation are supported along with shadow RAM for 


Pin Configuration 


AT40281 


BIOS, single ROM/EPROM for BIOS and address remapping 
of the unused memory between 640K and 1 Mbit to the top of 
memory. 


The AT40281 also incorporates Multiple Interleaved Paging 
(MIP) of the platform memory which improves performance in 
both cache and cacheless configurations by minimizing the 
number of wait states required during DRAM accesses. 


The programmable functions of the AT40281 are programmed 
through seven Configuration Registers. 


Together with a standard peripheral controller such as the 
AT40206 IPC and a minimum number of other components, the 
AT40281 allows the use of a single board design for both cache 
and cacheless high performance, yet low cost, 80386SX PC/AT 
systems. 


386SX CORE LOGIC 
CONTROLLER 
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AT40281 


Core Logic Controller Block Diagram 
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Ordering Information 
CPU Clock 


Power 
tlt Supply Ordering Code Package Operation Range 
a aes 
ee ee a 


Package Type 


160 Lead, Plastic Gull Wing Quad Flat Package (Flatpack) 
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Features 


e¢ One-Chip PC/AT Compatible Core Logic Controller for 80386SX Systems 
operating up to 33 MHz 

One 160-Pin Quad Flatpack, 1-Micron CMOS Technology 

CPU Interface and ISA Bus Control 

Numeric Co-processor Support 

OS/2 Alternate Hot Reset Support 

Programmable Clock Generator for the ISA Bus 

Port B Register and NMI Logic 386SX 
256K, 1-Mbit and 4-Mbit DRAM Support 
Up to 16 Mbytes Platform Memory Core Logic 
Shadow RAM Support 
Multiple Interleave Paging (MIP™) of Platform Memory Controller 


System Block Diagram 


CPU Peripheral ISA 
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Description 


The Atmel AT40283 is a highly integrated single-chip core 
logic controller for 80386SX PC/AT systems operating up to 
33MHz. The chip integrates system control functions including 
reset logic and generation of the system clocks (CPU clock, ISA 
bus clock and the 1.19 MHz clock for the timer input), the local 
bus and ISA bus controllers and the memory controller. The 
AT40283 decodes the CPU and ISA bus states to arbitrate 
among the various bus masters in the system. Data bus conver- 
sion, bus steering functions and data buffers and latches are all 
integrated on chip. 

A variety of memory configurations and types of DRAMs can 
be used with the AT40283. Platform memory parity checking 
and generation are supported along with shadow RAM for 
BIOS, single ROM/EPROM for BIOS and address remapping 


Pin Configuration 


of the unused memory between 640K and 1 Mbit to the top of 
memory. 


The AT40283 also incorporates Multiple Interleaved Paging 
(MIP) of the platform memory which improves performance by 
minimizing the number of wait states required during DRAM 
accesses. 


The programmable functions of the AT40283 are programmed 
through five Configuration Registers. 


Together with a standard peripheral controller such as the 
AT40206 IPC and a minimum number of other components, the 
AT40283 implements a high performance, yet low cost, 
80386SX PC/AT system. 


AT40283 


386SX CORE LOGIC 
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AT40283 


Core Logic Controller Block Diagram 
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Ordering Information 


a 
ee 
a ee 
es 


Package Type 


160 Lead, Plastic Gull Wing Quad Flat Package (Flatpack) 
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Features 


e Fully Compatible with PC/AT Architecture 
e Fully Compatible with 8237 DMA Controller, 8259 Interrupt Controller, 
8254 Timer/Counter, and 146818 Real-Time Clock 
e Provides 7 DMA Channels, 13 interrupt Request Channels, 
2 Timer/Counter Channels, and a Real-Time Clock 
Built-in 74LS612 Memory Mapper for DMA Page Address 
Provides 114 Bytes of CMOS RAM Memory 
8-MHz DMA Clock with Programmable Internal Divider for 4-MHz PC/AT 
Operation 
e 16-Mbyte DMA Address Space Integrated 
e Programmable Wait States for the DMA Cycle 


e Reduced Recovery Time (120 ns) Between I/O Operations Pe ri pheral 


Controller 


System Block Diagram 
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DMAMEMW# 
Data 


Address ACK# 
lIOR# XA16, 
lOW# A17 - A23 


LE | Top bbe Configuration | 
|| : Decoder ena Register ea _— 
IRQi Interrupt le INT R 


i | Controller-1 
; (Master) 
ae 
i 
INTA# Interrupt 


: Controller-2 
Slave 
8254 
= i OUT 
ae om 
|| 


TMRCL Counter 
_ i Riioeny - 
jue 146818 
Real Time 
as Clock PWRGD 
OSCI with RAM PSRSTB# 


AIMEL 9-29 


AIMEL 


Description 


The Atmel AT40206 integrated peripheral controller is a single 
chip integration of all the main peripherals attached to the XD 
bus of the PC/AT architecture including two 8237 DMA con- 
trollers, two 8259 interrupt controllers, one 8254 timer/counter, 
one MC146818 compatible real-time clock, an additional 64 
bytes of CMOS RAM, one 74LS612 memory mapper, and some 
top-level decoder/configuration logic circuits. 


While providing full PC/AT architecture compatibility, the 
AT40206 also offers enhanced features and improved speed 
performance. These enhancements include an additional 64 


Pin Configurations 


84-Pin PLCC 
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bytes of user definable CMOS RAM and drastically reduced re- 
covery time for the 8237, 8259 and 8254. A programmable wait 
state option is provided for use by the CPU, DMA or other bus 
masters when accessing this chip. The AT40206 also provides 
programmable 8-MHz or 4-MHz DMA clock selection. The 
AT40206 is implemented using advanced 1.5 micron CMOS 
technology and is packaged in either a 84-pin PLCC or a 100- 
pin PQFP. 


100-Pin PQFP 


AT40206 
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Ordering Information 


Power 
ill Supply Ordering Code Package Operation Range 
5V+5% AT40206-8JC 84J Commercial 
AT40206-8QC 100Q2 (0° to 70°C) 


Package Type 


84 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


100Q2 100 Lead, Plastic Gull Wing Quad Flat Package, ElAJ (PQFP) 
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Features 


e One-Chip SCSI-2 Fast Architecture Controller for Host and 8-bit or 16-bit 
Peripheral Applications 

84-Pin PLCC Package, Sub-Micron CMOS Technology 

Supports ANSI X3T9.2 SCSI Standard, with SCSI-2 Fast Architecture 
Functions as an Initiator or a Target 

implements SCSI Bus Sequences without Host Processor Intervention 
Asynchronous Data Transfers up to 7 Mbytes/sec 

Synchronous Data Transfers up to 10 Mbytes/sec i ‘ 
DMA Burst Transfers up to 20 Mbytes/sec Sing le Chip 
Programmable Synchronous Transfer Period and Offset SCSI 

24-Bit Transfer Counter 
Pipeline Command Structure 

16-Byte, Parity Pass-through Data FIFO Between the DMA and SCSI Control ler 
Channels 

e On-Chip 48-mA Single-Ended SCSI Transceivers 


System Block Diagram 
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Description 


The AT43216 is a high performance single-chip SCSI-2 com- 
patible controller that typically replaces SCSI interface circuitry 
consisting of discrete devices, external drivers, and a low per- 
formance SCSI interface chip. 


The chip incorporates both initiator and target modes and can be 
used in host and peripheral applications. Bus arbitration, target 
selection, and initiator reselection are all handled on chip. 


Overhead interaction with the host processor is minimized by 
use of an interrupt-driven architecture in conjunction with a 
command pipeline and a powerful instruction set that reduces 
common SCSI bus sequences to single commands. The chip 
controls message, command, status, and data transfers between 
the SCSI bus and the internal 16-byte FIFO. 


Pin Configuration 


In order to maximize throughput, the AT43216 architecture in- 
corporates three independent buses: the 8-bit SCSI bus, the 8-bit 
or 16-bit with parity pass-through data bus (DB), and the 8-bit 
processor bus (PAD). The SCSI bus supports synchronous 
transfers of 5 Mbytes per second and 10 Mbytes per second in 
addition to asynchronous transfers up to 7 Mbytes per second. 
The data bus includes a high-speed DMA interface for burst 
transfer rates up to 20 Mbytes per second. The processor bus can 
be configured for multiplexed or non-multiplexed operation to 
simplify interfacing to the host processor. 

The AT43216 is designed for singled-ended operations with 
separate SCSI data input and output buses including on-chip 
48-mA bus drivers. 


84-PIN PLCC 


AT43216 
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SCSI CONTROLLER 
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AT43216 


SCSI Controller Block Diagram 
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Ordering Information 


CPU Clock Power 
(Miz) Susy Ordering Code Temperature Range 
40 5V+5% AT43216-40JC 84J Commercial 
(0°C to 70°C) 


Package Type 
| 84) —«|-: 84 Lead, J-Leaded Chip Carrier (PLCC) 
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Features 


e Three-Chip EISA/ISA Compatible Chip Set for 80386/80486 Systems 
Operating up to 66 MHz 
e One 160-Pin and Two 184-Pin Quad Flatpacks 
AT40957 Integrated System Peripheral 
AT40958 Bus Controller and Data Buffer 
AT40959 DRAM and Cache Controller 
On-Chip Support for Direct-Mapped Write-Back Cache Sizes up to 1 Mbyte 
Asynchronous or Synchronous Cache SRAM 
On-Chip Tag Comparator 
Page Mode Platform Memory Sizes up to 256 Mbytes 
Posted Write Buffer for Write Miss Cycles 
BIOS Shadow and Cache Option 
Staggered Refresh to Reduce Power System Noise 
Hidden Refresh 
Eight ISA DMA Channels 
Six EISA Master Channels 
Fourteen Interrupt Channels 
Local Bus Peripheral Support 


Block Diagram 


CPU EISA 
Address CPU Data 
Bus Data Bus 
aus EISA 
Address 
Bus 
S| IL 
Al IA 
CPU _ a) “Keyboard 
Le aaroler 
Numeric a TAG . 
Co-Processor | _ if RAM © 
Local Bus [> " AT40959 AT40957 
Peripheral | DRAM and Integrated a 
| Cache System 
7 Controller Peflpherst 
AT40958 
ciation Bus Controlle i: 
DRAM and Data 


Buffer 
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Description 


The AT40957/AT40958/AT40959 chip set is an IBM PC/AT 
EISA/ISA compatible chip set for 80386 and 80486 based sys- 
tems operating up to 66 MHz. The high integration and on-chip 
direct-mapped write-back cache controller design allows maxi- 
mum system performance while requiring a minimum number 
of components to implement a complete motherboard. 


The AT40957 integrated system peripheral incorporates the 
DMA controller, bus arbitrator, interrupt controller, numeric co- 
processor interface, and EISA address latches and buffers. The 
DMA controller supports Type A, B, and C burst transfers at 
data rates up to 33 Mbytes/second and byte and word transfers 
for seven EISA DMA channels. The interrupt controller pro- 
vides two 8259A-compatible interrupt controllers with 14 inde- 
pendently programmable channels for level- or edge-triggered 
interrupts. NMI logic includes a fail-safe timer. 


The AT40958 bus controller and data buffer interfaces data to 
the CPU, DMA, master, and slave devices. Byte swaps, bus con- 


versions, and data alignments are all done automatically. The 
AT40958 also includes parity generation and checking logic, as 
well as timers for watchdog, refresh, and speaker control. 


The AT40959 DRAM and cache controller incorporates system 
reset logic, cache control, paged mode DRAM control, and 
BIOS interface logic. The cache controller is direct-mapped 
write-back with a 16-byte line and a maximum size of 1 Mbyte. 
An on-chip posted write buffer for write misses is included. The 
page mode DRAM controller generates and checks memory 
parity and supports up to eight banks of memory for memory 
sizes up to 128 Mbytes using 4-Mbit DRAMs, and 256 Mbytes 
using 16-Mbit DRAMs. The AT40959 also supports two non- 
cacheable areas in main memory and includes BIOS shadow 
and cache capabilities. 
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Ordering Information 


CPU Clock Power 
(MHz) Supply Ordering Code Package Operation Range 


AT40957-33 184Q 
AT40958-33 184Q 
AT40959-33 160Q 


5Vit5% AT40957-50 184Q 
AT40958-50 184Q 
AT40959-50 160Q 


5V+5% AT40957-66 Commercial 
AT40958-66 (0°C to 70°C) 
AT40959-66 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Package Type 
160Q | 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 


185 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 
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Quality and Reliability 
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Section 10 
CMOS Smart Card ICs 
AT24C01/02/04/08/16 FactSheet 2-Wire, 1K/2K/4K/8K/16K Serial E7PROM........ 10-3 
AT93C46/56/57/66 Fact Sheet 3-Wire, 1K/2K/2K/4K Serial E7PROM.............0.. 10-5 
AT88SC06 104 x 1 104-Bit Serial E7PROM with Security................ 10-7 
AT88SC101/102 1024x 1 1K Serial E7PROM with Security, with 

1 OF 2 MIGNON ZOMGS rics cciscvinscnrnesnsmnravirnanicinns 10-15 
AT88SC200 2048 x 1 2K Serial E7PROM with Gate Array... 10-27 
AT88SC54C 16K x 8 80C31 Microprocessor with 16K E7PROM 

and Public Key Math Coprocessor................ 10-31 
RF ID ASICs Analog, Digital and Memory on 

Customer-Defined Single-Chip ASIC ............ 10-39 
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Features 
AT24C01/02/04/08/16 
Two-wire Serial Interface 
Supports ISO/IEC 7816-3 Synchronous Protocol 
Additional SDA Pad for ISO Compliant Packaging 
Low Voltage Operation Available from 1.8 to 6.0 Volts 
High Reliability and Endurance 

100,000 Write/Erase Cycles 

100 Years Data Retention 
Background Wafer and Die are Available from 6 to 21 mils 
Test Programs are Available for Testing Die in Cards 
Small Die Size Increases Reliability and Reduces Cost 


Using 2-Wire 


Description 

The AT24C01/02/04/08/16 provide 1024/2048/4096/8192/16384 bits of serial 
E2PROM (Electrically Erasable and Programmable Read Only Memory) organized 
as 128/256/5 12/1024/2048 words of 8 bits each. By grounding pins A2, A1, and AO, 
the devices can be used in smart card applications. 


The AT24C01/02/04/08/16 is manufactured using low-power CMOS technology 
and features its own internal high voltage pump for single voltage supply operation. 
The devices are guaranteed to 100,000 write/erase cycles and 100 year data 
retention. The AT24CO01 family supports the ISO/IEC 78 16-3 synchronous protocol 
and is available in wafer, die, or standard package form. 


in Smart Cards 


Fact Sheet 


ISO Card Configuration 
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2-Wire Card Module Contacts 


Smart Card ICs 


Serial E2PROMs 


AT24C01/02/04/08/16 
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Features 
AT93C46/56/57/66 
Organized as 8- or 16-bit Words 
User-Friendly Three-Wire Serial Protocol 
Comprehensive Instruction Set 
Low Voltage Operation Available from 1.8 to 6.0 Volts 
High Reliability and Endurance 

100,000 Write/Erase Cycles 

100 Years Data Retention 
Background Wafer and Die are Available from 6 to 21 mils 
Test Programs are Available for Testing Die in Cards 
Small Die Size Increases Reliability and Reduces Cost 


Smart Card ICs 


Description 
The AT93C46/56/57/66 provides 1024/2048/2048/4096 bits of serial E2PROM 
(Electrically Erasable Programmable Read Only Memory) organized as 64/128/256 
words of 16 bits each when the ORG Pin is connected to Vcc, or 128/256/512 words 
of 8 bits each when itis tied to ground. The device is optimized for use in many smart 
card applications. 


The AT93C46/56/57/66 is manufactured using low-power CMOS technology and 
features its own intemal high voltage pump for single voltage supply operation. The 
devices are guaranteed to 100,000 erase/write cycles and 100 year data retention. 
The AT93C46/56/57/66 family is available in wafer, die, or standard package form. 


Using 3-Wire 
Serial E2PROMs 
In Smart Cards 


AT93C46/56/57/66 
Fact Sheet 


ISO Card Configuration 
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Card Module Contacts 
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Features 
104 Bit E2PROM with Serial Control/Security Logic 
13 x 8 (104) Bit Organization 
Operating Voltage (Vcc = 5.0V + 19%) 
Dissipates 2.4 mW Read and 12.0 mW Max Write or Erase 
Provides Transport Code Security 
Counts up to 20480 Units Maximum 
Bi-directional Data Transfer for ISO/IEC 7816-3 Synchronous Protocol 
1.5 ms Write or Erase Time 
ESD Immunity > 4 K Volts 
High Reliability and Endurance: 
100,000 Write/Erase Cycles 
Data Retention: 100 Years Data Retention 


Smart Card ICs 


Block Diagram 


Ser urity Logic 


AT88SC06 
Preliminary 


HV PUMP 


104 BITS 
(13 x 8) 
EEPROM 


ADDRESS COUNTER 
1 OF 13 (X DECODER) 


CONTROL 


CLK AST sD 


The AT88SC06 a" 104 bits of serial E7PROM (Electrically Erasable and 
Programa able Read ly Memory) with security logic for use in secure smart card 


Card Module Contacts 
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operations. Erase operations are allowed only by word 
after a bit-carry write has been performed. 


The AT88SC06 is manufactured using low-power CMOS 


technology and features its own intemal high-voltage pump 
for single-voltage supply operation. The devices are 


AT88SC06 Memory Map 


Issuer Data (ID) 


Test Bits (TB) 


Count Data 


Definition of Memory Partitions 

Chip Data (24 bits): Programmed by the manufacturer with 
a specific identifier foreach customer. A fuse is blown by 
the manufacturer after programming the chip data, which 
makes this memory area unalterable. 


Issuer Data (40 bits): Programmed by the card issuer 
during final personalization. The data stored in thismemory 
area is unalterable after writing a 0 to address 64. 


Personalization Complete (1 bit): Written to 0 after the card 
data has been personalized. Issuer data is unalterable after 
0 is written to this bit. 


primary Function Secondary Fuletion adie | Bie | 
Chip Data (CHD) (Read Only) | 0-23 | ah 


Pe 


PersonalizationComplete (PC) || 


a 
ee ee 
oem enema 
ee ee 


TOTAL BITS 


guaranteed to 100,000 erase/write cycles and 100 year data 
retention. Endurance up to one-million write cycles has 
been demonstrated. The AT88SC06 supports the ISO/IEC 
7816-3 synchronous protocol and is available in wafer, die, 
or standard packaging. 


AT88SC06 


67 - 71 


Test Bits (2 bits): Allows pattern testing at this memory 
location, 


Transport Code Attempts Counter (8 bits): Counts the 
number of attempted transport code compares. The device 
is locked after 8 compare attempts. 


Transport Code (24 bits): Must be presented by the issuer 
to access Circuit memory and personalize device before 
setting personalization complete bit. This secures 
transportation between the manufacturer and the issuer. 
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Pin Description 

RESET (RST): The RST input is used to reset the memory 
counter to address zero or to indicate the intent to write or 
erase data. RST is pulled up to Vcc intemally. 

CLOCK (CLK): The CLK input is used to either increment 
the address counter and strobe data out or it is used to 
regulate the actual write or erase duration. CLK is also 
pulled up to Vcc internally. 

SERIAL DATA (SD): The SD pin is bi-directional (open 
drain) for serial data transfer. During the transport code 
comparison, SD operates in a data input mode. During read 
operations, SD operates in a data output mode. 


Transport Code Compare 

Table 1 shows the access condition of the AT88SC06 when 
it is shipped from Atmel, and prior to comparing the 
transport code. A transport code compare is done by 
powering up the chip, setting the address location between 
72-79 and writing a O into an erased ("1") location within 
this range. This write enables the transport code compare 
sequence which is valid until incrementing to address 0 or 
until the supply voltage is removed. Once the compare is 


enabled, the address counter is incremented to address 80, 
at which time SD will be the input for the 24 bit transport 
code entry, as shown in Figure 4. 


If the enable and compare procedure was correct, the device 
will be enabled for initialization. If the compare was 
incorrect, additional compares may be attempted beginning 
with an address reset. A total of eight attempts are possible 
corresponding to the eight (initially high) bits in the address 
range of (72-79). 


Device Operation Modes 

Tables 2 and 3 indicate the access conditions of the 
AT88SC06 during device personalization and count mode, 
respectively. Once a correct transport code compare is 
made, the device is personalized and the initial counter 
value is assigned to reflect the desired user value. After the 
device is personalized, the personalization complete (PC) 
bit is set by writing a0 to address 64. The device is in count 
mode. When all the bits in address range 67-103 are written, 
erasure is disabled and the device count is used up. 


Table 1. AT88SC06 Access Conditions Prior to Transport Code Compare 


Zones PC 


: 
1 
1 
1 
1 
1 


TCAC (D4) 


Write 0 
(Prog) 


Write 1 


(Erase) Compare 


Table 2. AT88SC06 Access Conditions During Personalization (Bit 64=1) 


D3 - D1 (XC) 
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Table 3. AT88SC06 Access Conditions After Personalization (Bit 64=0) 


Write 0 
(Prog) 


Write 1 


Zones PC Read (Erase) Compare 


PC 
TB 
D5 


0 YES NO NO NO 
0 YES NO NO NO 
0 YES NO YES NO 


Notes: 1. PC = personalization complete bit 


2. Byte erase after bit-carry write 


Device Operation 

Address Reset and Read Data 

(Refer to Figure 1) 

To reset the address counter to address zero (0), first allow 
RST to go high followed by a CLK pulse (from low to high 
then back low). RST then must go low again such that it 
brackets CLK. Data (bit zero) is output on SD following 
RST going low. Each following pulse of CLK will increment 
the address counter (on rising edge) and strobe data out on 
SD (on falling edge). The address counter will roll-over, 
returning to zero after address 127. 


Bit Write 

(Refer to Figure 2) 

With CLK low and RST low, a pulse of RST (from low to 
high and back to low) will enable a bit-write operation if the 
write is allowed at that address location. The next pulse of 
CLK will perform the write and regulate the write time 
duration. The address counter does not get incremented on 
this CLK write pulse, and the newly written data will be 
output on SD following the CLK write pulse. Data on SD 
willnotbe valid from the rising edge of RST until the falling 
edge of the write CLK pulse. A following CLK pulse with 
RST still low will increment the address counter as usual 
and strobe data our on SD. 


Byte Erase After Bit-Carry Write 

(Refer to Figure 3) 

Byte erasures may be performed from addresses (72-103) 
on a byte-by-byte basis each preceded by a bit-carry write. 
The digit erased will always be the next lower digit than the 
digit the bit-carry write took place in. First, a bit write must 
be performed as shown in Figure 3. After the CLK write 
pulse is completed, RST is pulsed again which enables the 
word erase operation. A second CLK pulse is now given to 
perform the digit erase and regulate the erase time duration. 
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The device control logic will verify that a bit-carry write 
(from "1" to "0") actually took place before erasing the next 
lower digit. Data on SD will not be valid from the rising 
edge of RST to the falling edge of the erase CLK pulse. The 
address counter will still be at the bit-carry write address 
following the byte erase. 


Device Power up and Reset 

After Vcc and Vss have been contacted, powering up the 
device will internally reset the address counter to address 
zero. The internal power on reset circuit will reset the 
address counter if the device experiences dips in the supply 
voltage. 


Count Principle 

The address range (67-103) represents a five-digit non- 
resettable octal counter. The lower four octal digits are 
assigned a value between one and eight (addresses 72-103) 
during device initialization. The fifth and most significant 
digit is assigned values from one to five (addresses 67-71). 
This equates to (5 x 8E4=20480) count units. A single count 
unit is considered used (or cleared) when it is written to "0", 
and reset when erased during a byte, or digit, erase. 


Changes in each digit by write and erase operations are 
driven by external software via the ISO protocol. Internal 
control logic governs allowed write and erase operations. 
Write operations, in the allowed address range, are 
unrestricted by the control log. Erase operations are not 
allowed until a bit in the next higher order count digit is 
written from a "1" to a"0". This is called a byte erase after 
bit-carry write as shown in Figure 3. 
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Figure 1. Address Reset and Read Timing Diagram 
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Figure 2. Bit Write Timing Diagram 
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Figure 3. Byte Erase After Bit-Carry Write Timing Diagram 
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Figure 4. Transport Code Data Comparison Timing Diagram 
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ADDRESS 79 
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Packaging 


All Atmel smart card secure ICs are available in wafer, die, 
or standard packaging. All die can be tested and screened 
to either a commercial or industrial flow, and can be 
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background to thicknesses of 6 to 21 mils, + 0.2 mils. 
Standard packages include plastic DIPs, SOICs, PLCCs 
and micromodules. 


LSS 05 tees 


Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under "Absolute Maximum 
Operating Temperature -55°C to +125°C Ratings” may cause permanent damage to the device. This is a stress 
Storage Temperature -65°C to +150°C rating only, and functional operation of the device at these or any 
Voltage on Any Pin other conditions beyond those indicated in the operational sections 
with Respect to Ground.................006 1.0 V to +7.0 V of this specification is not implied. Exposure to absolute maximum 
Maximum Operating Voltage .............csscesecees 6.6V rating conditions for extended periods may affect device reliability. 
DG Dptont CO scivencesssercnmiensvertnceadsaain 5.0 mA 


DC Characteristics Die Tayp = -40°C to + 85°C, Voc = +5 V+ 10%, Vss = OV (Unless otherwise specified) 


Symbol Parameter Min Typ Max Unit 
4.5 5.0 55 V 


Voc Suply Voltage 

loci Supply Current (Read) 0.25 0.3 0.4 mA 
loce2 Supply Current (Write) 1.0 15 2.0 mA 
Isp Standby Current 1.0 9.0 12.0 pA 
Nie Input Leakage Current 100.0 pA 
lot Output Leakage Current 10.0 pA 


Vit Input Low Level(1) -1.0 Vpp x 0.3 V 
Vin Input High Level(1) Vss x 0.7 Vpp x 0.5 V 
VoL Output Low Level (lo, = 2.0 mA) 0.5 V 


Note: — 1. Vy, and Vy; max are reference only and are not tested. 


AC Characteristics Die Tayp = -40°C to + 85°C, Vcc = +5 Vt 10%,Vss = 0 V (Unless Otherwise Specified) 


Symbol Parameter Min Typ Max Unit 


fRST Address Reset Pulse High 50 us 
tr Input Rise Time(1) 1 us 


tH CLK Pulse High Width 10 ys 
twRT Write Operation Time 0.25 0.5 1.5 ms 
tcLR Erase Operation Time 0.25 0.5 15 ms 
ty Address Reset Setup Time 5 us 
to Address Reset Hold Time 5 us 
t3 CLK Low After Address Reset 10 us 
te CLK WRT Pulse After RST Low s us 
t7 CLK Low After CLK WRT Pulse 10 us 
tg SD Valid For Input Data 0.1 us 
to SD Input Data Setup Time 0.1 us 


Note: 1. This parameter is characterized and not 100% tested. 
2. These write time parameters are the required minimum times depending on Vcc and temperature. 


A MEL 10-13 


10-14 ATSS5COS  -ecweeecc: nee eS 


eae RIN HNL on RnR Rommmmamieoucccmene 2.) OOS 101/102 


Features 
¢ 1K x 1 Serial E2PROM With Security Logic 
¢ Available in Two Memory Organizations: 
AT88SC101 1 1Kx1 Memory Zone 
AT88SC102 2 512 x1 Memory Zones 
Supports ISO/IEC 7816-3 Synchronous Protocol 
Stores and Validates Security Codes 
Counts Incorrect Security Code Attempts 
Provides Transport Code Security 
Manufactured Using Low Power CMOS Technology 
Vpp Internally Generated 
2 us Read Access Time; 1 ms Write Cycle Time 
Temperature Range From -25°C to 70°C 
ESD Immunity > 4K Volts 
High Reliability: 
100,000 Write/Erase Cycles 
100 Years Data Retention 
¢« Background Wafer and Die Available From 6 to 21 mils 
E2-PROM 


Block Diagram 
POWER ON 
ZONE(S) 
ADDRESS 


FUS 


Description 
The AT88SC101/102 family provid 
Erasable and Programmable Read O 

use in secure smart card applications. 


Card Module Contacts 


pe [otk 
Ps | FUS | tdentiication Fuses 
Ex Vss 
es [2 | NC [NoConnect 
13 | vo | Bi-directional Data Port 
Ex 
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The security features of Atmel's AT88SC101/102 include: The AT88SC101/102 is manufactured using low-power 
- data access only after validation of the security code CMOS technology and features its own internal high- 


- permanent invalidation of device upon four voltage pump for single voltage supply operation. The 

consecutive false security code presentations devices are guaranteed to 100,000 erase/write cycles and 
- read/write protection of certain memory zones 100 year data retention. Endurance up to one-million Write 
- device reset if power drops cycles has been demonstrated. The AT88SC101/102 
- secure transport of devices using transport supports the ISO/IEC 7816-3 synchronous protocol. 


code compare sequence 


AT88SC101 and AT88SC102 Memory Map 


AT88SC101 AT88SC102 


Memory Partitions 
Fabrication Zone (FZ) a ge | 


Issuer Zone (IZ) 


Security Code (SC) 


Security Code Attempts Counter (SCAC) | 96-114 


Code Protected Zone (CPZ) 112 - 175 a 112-175 a 


Application Zone 1 (AZ1) 176 - 1199 


Application Zone 1 Erase Key (EZ1) 1200 - 1231 688 - 735 eg 


Application Zone 2 (AZ2) 736 - 1247 


Application Zone 2 Erase Key (EZ2) SS 1248 - 1279 


Erase Counter (EC) 1232 - 1359 1280 - 1407 


Memory Test Zone (MTZ) 1360-1375 | 16 | 1408-1423 | 16 | 
TOTAL BITS a ee 
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Definition of AT88SC101/102 


Memory Partitions 

FABRICATION ZONE (16 bits): Programmed by the 
manufacturer with a specific identifier for each customer. 
FUSE] is blown by the manufacturer after programming 
the fabrication code, which makes the fabrication zone 
unalterable. 


ISSUER ZONE (64 bits): Programmed by the issuer before 
finalizing personalization. The data stored in the issuer 
zone is unalterable after FUSE2 is blown. 


SECURITY CODE (16 bits): Must be presented by the 
issuer to access circuit memory and personalize device 
before blowing FUSE2. This secures transportation between 
the manufacturer and the issuer. After the device is 
personalized and FUSE2 is blown, this code protects the 
access to the application zone(s) of the card. 


SECURITY CODE ATTEMPTS COUNTER (16 bits): 
Counts the number of incorrect security code attempts. The 
device is locked after 4 false presentations. 


USER PROTECTED ZONE (64 bits): Writing and erasing 
this zone is protected. The number of program/erase cycles 
is guaranteed up to 100,000. 


APPLICATION ZONE(S) (1024 or 512 bits): Reading 
and programming the application zone(s) are controlled by 
the first 2 bits of the zone (PR, RD) and by the security code 
(Tables 1 and 2). The erasure of each zone is protected by 
an erase key specific to each zone. 


APPLICATION ZONE ERASE KEY (32 or 48 bits): Must 
be presented to authorize the erasure of the application 
zone(s). The key(s) must be programmed during the 
personalization of the circuit. 


ERASE COUNTER (128 bits): Limits the number of 
erasures of the last zone to 128 or less. 


MEMORY TEST ZONE (16 bits): Allows pattern testing 
at this memory location. 


Memory Access to AT88SC101 and AT88SC102 


The access to the memory is controlled by the state of the internal fuses and by the voltage supply applied on the FUS pad: 


FUS Pad 


Voltage FUSE 1 


OV Either 


5V Blown 
5V Not Blown 


State of the FUSES 
FUSE 2 


Either 
Not Blown 
Blown 


AIMEL 


Access Conditions See: 


Table 2 
Table1 
Table 2 
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Table 1. AT88SC101/102 Access Conditions During Personalization (FUSE 2 Not Blown) 


WRITE 1 WRITE 0 
READ (Erase) (PROG) Compare 


SC: SC=1 after validation of security code 2RD: 2nd bit of AZ2 (Bit 737) - AT88SC102 only 
1PR: 1st bit of AZ1 (Bit 176) EZ1: EZi =1 after a valid presentation of erase key 1 
IRD: 2nd bit of AZ1(Bit 177) EZ2: EZ2= 1 after a valid presentation of erase key 2 
2PR: Ist bit of AZ2 (Bit 736) - AT88SC102 only EC: EC=1 when the counter is not empty. 
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Table 2. AT88SC101/102 Access Conditions After Personalization (FUSE 2 Blown) 


WRITE 1 WRITE 0 
READ (Erase) (PROG) Compare 


YES NO NO NO 
YES NO NO NO 
NO NO NO YES 


YES NO NO NO 
YES NO NO NO 
YES NO NO 
YES NO NO 
YES NO 


SC: SC=1 after validation of security code 2RD: 2nd bit of AZ2 (Bit 737) - AT88SC102 only 
IPR: 1st bit of AZ1 (Bit 176) EZ1: EZ1=1 after a valid presentation of erase key 1 
IRD: 2nd bit of AZ1(Bit 177) EZ2: EZ2=1 after a valid presentation of erase key 
2PR: Ist bit of AZ2 (Bit 736) - AT88SC102 only EC: EC=1 when the counter is not empty. 
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Modes of Operation 


The AT88SC101/102 has four operation modes selected by PGM, RST, CLK, and by the internal counter: 


The address counter is reset to 0 and the first bit of the 

RESET memory is available on I/O after RST and CLK hit 0. 
Note: The INC instruction is disabled when RST is high 
(Figure 1). Address counter is reset on the falling edge 
of RESET. 


The address counter is incremented and the first bit is 
INC available on I/O after the falling edge of the clock 
(INC/READ) (unless reading is forbidden) (Figure 2). Address incre- 
ments on falling edge of CLK. Datais released after the 
falling edge of CLK. 


Comparison of the bit presented to the card to the 
CMP internal bit of the memory (for secret codes only). The 
(INC/CMP) bit should stay stable on I/O during the time CLK is low. 
The address counter is incremented on the falling edge 
of the CLK (Figure 3). 


I/O must be positioned on 0 for programming or on 1 for 
WRITE erasure before the rising edge of CLK which must stay 

on 1 for at least 5ms. The bit addressed (which will be 

written) is available on I/O after the falling edge of the 
VERIFY CLK (Figure 4). 


Notes: 1. Output is disabled (Hi state) on addresses where read is disabled. 
2. If Vpp falls between approximately 3V and 4V the chip will execute a power-on reset. 
3. The 2 instructions CMP and UP are coded (0,0) on CLK and PGM. The circuit will distinguish between the 2 instructions 
by testing the internal address counter (CMP can only be done with the addresses corresponding to the security code or erase key. 
4. The internal address counter counts up to 1519 for 101land 1567 for 102. An additional INC sets the counter to 0. 
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AT88SC101/102 


Table §. AT88SC101/102 Micro Instructions 


Global 


READ RESET 
nINC; position counter 
on bit 


RESET 
n INC; n= 1392 (101) 


WRITE (WRITE 0) | RESET 
n INC; position counter 


on bit n = 1440 (102) 
WRITE 0 WRITE 0 
INC; go to next bit 
WRITE 0... 
ERASE (WRITE 1) RESET verify erase keys RESET 
n INC; position counter on n INC; n = 1392 (101) 
any bit in word RESET n = 1440 (102) 
WRITE 1 32 CMP WRITE 1 
n INC; position counter on n INC; n = 1232 (101), n = 1280 (102) 
any bit in next word VERIFY 1; verify 1 in EC 
WRITE 1... WRITE 0; write 0 in EC 
WRITE 1; erase application zone 
RESET 
48 CMP 
n INC; n = 736 
WRITE 1; erase application zone 


CMP 
* SECURITY 
CODE 


position counter on 
bit preceding SC 

16 CMP; verify security code 

n INC; _ If none of the 1st 

4 bits of the FAC is 1, 
then 4 unsuccessful 
attempts have been 
made to verify SC, 
and the device is 
inoperable. If any of the 
1st 4 bits is a 1, then: 


WRITE 0 
WRITE 1; Reset the FAC 


CMP 
* ERASE KEYS 


position counter on bit 

preceding access 

code or erase key 

n CMP; verify access code or 
erase key 

;n = 32 or 48 bits 


A MEL 10-21 


AMET 


Figure 1. Reset 


CLK 


RST 


tpovr 2.0 us 
(max) 


RK KKKKXKKKKK KKK 
Hy 


ADDRESS 
COUNTER 


OUTPUT DATA 


VO VALID 


Figure 2. Read Timing 


to, 0.2 ps 
(min) 


tpy 2.0 ps 
tow Ous (max) 


OUTPUT 
VO DATA VALID 


LES TOIT. cieeoccecticnemceeereenrctscrtecocrteeienieorainieenrientniiein _ 


ADDRESS 
COUNTER 
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Figure 3. Compare Timing 


CLK 
tsc Ops 
(min) 
XX) 
Ke) ’ uy we Dats 
MODE: INPUT --<-- 22+ -- 20sec c cece e een e teen ence tennant cccenns > 


DATA IN, IS LATCHED ON THE RISING 
EDGE OF CLK. THE COMPARE IS PERFORMED 
ON THE FALLING EDGE OF THE CLK. 


ADDRESS 
COUNTER 


Figure 4. Program Timing 
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Figure 5. SC and EZ1/EZ2 Validation for AT88SC101/102 


CMP SEQ -@-READ Pt PGM -P VER -t- Pou —-t—- READ ———1 +-@# READ 
A B Cc D E F G 


““LILILI L 


~ JL ft 
wo Lo 


VO MODE:—+| outeuT >| INPUT—B>OUTPUTED INPUT _ 


A) Compare sequence of the security code or the application zone erase key. 

B) First bit which is at a logic 1, in the false attempts counter to validate SC, or in the recharge counter to validate EZ. 

C) Program sequence attempts to write a 0 over the 1 currently at this address. 

D) The chip outputs the new state of the bit. If a0 has been successfully programmed, SC or EZ is set on the rising edge 
of PGM. (Note: If CLK rises when PGM is low, the validation is aborted.) 

E) This program sequence will erase either the false attempts counter or the application zone. 

F) Chip outputs state of the current bit. If the erase was successful, the chip will output a 1 if the current bit is in the false 
attempts counter. The chip will output a 0 if the current bit is in the recharge counter. 

G) On the falling edge of clock, the address is incremented and the state of the next bit is output. 


Note: 1. The address does not change from operations B to F. 
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Absolute Maximum Ratings* 


: *NOTICE: Stresses beyond those listed under "Absolute Maximum 
Operating Temperature “55°C to +125°C Ratings” may cause permanent damage to the device. This is a stress 
Storage Temper ature -65°C to +150°C rating only, and functional operation of the device at these or any 
Voltage on Any Pin other conditions beyond those indicated in the operational sections 
with Respect to Ground -1.0Vto+7.0V of this specification is not implied. Exposure to absolute maximum 
Maximum Operating Voltage .............. eee eeeees 6.6 V rating conditions for extended periods may affect device reliability. 
ES OUD CUTTY, cctnecsinnccsneinssunasacrenesiarrndionnsiisneons 5.0 mA 


DC Characteristics 
Die Tamp = —25°C to 70°C, Voc = SV t 10%, Vss = 0 V (unless otherwise specified) 


Symbol Characteristics Min Typ Max Unit 
- - 3.0 


loc Supply Current on Vcc out of mA 
Program (tamp = + 25 C). 
lccp Supply Current on Vcc during - - 4.0 mA 
Program (tame = + 25 C). 
Standby Current on Voc 
(RST @ Voc, FUS, CLK, PGM @ Vss 
lio = OWA. fork = 0 KHz). 
V Input Low Level —0. 0.8 
i 2 


IL 3 : 
Vin Input High Level 0 - Voct+1 
VoL Output Low Level (Io, = 1mA) - - 0.4 


| I/O Leakage Current -50 - 50 


< 


El <|< 


Notes: 1. There is a pullup on pin RST. 
2. There are pulldowns on pins FUS, CLK and PGM. 


Packaging 


All Atmel smart card secure ICs are available in wafer,die, | background to thicknesses of 6 to 21 mils, + 0.2 mils. 
or standard packaging. All die can be tested and screened § Standard packages include plastic DIPs, SOICs, PLCCs 
to either a commercial or industrial flow, and can be and micromodules. 
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AC Characteristics 


Die Tamp = —25°C to 70°C, Voc = 5V + 10%, Vsg = OV (unless otherwise specified). 


Symbol Characteristics Min Typ Max 
fcLkK Clock Frequency - 300 
- 2.0 
- 2.0 


tcLK Clock Cycle Time 
RST Hold Time 
tpvr Data Valid Reset to Address 0 


tRH 
H 
L 
Ss 


Data In Setup 
H Data In Hold 0 - - 
tspr PGM Setup 2.2 - - 
tHPR PGM Hold 0.2 
Data Hold from CLK 0 


Unit 
- KHz 
3.3 Us 
0 Us 
- LS 
: Hs 
‘e) 0 Us 
0 ” 
0.2 us 
i i i : ms 
0.2 


tp 


Conditions of Dynamic Tests 


The circuit has an output with open drain. An external resistance is thus necessary between Vcc and I/O in order to load 
the output. 


Pulse Levels of the Input: V,, to 3.0V 
Reference Levels in Input: 0.8V and 2.0V 
Reference Levels in Output: 0.8V and 2.0V 
Rising and Falling Time of Signals: Sns 
Voc 
CHIP 
4.7K : 


TEST 
POINT 
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Features 
2K x 1 Serial E2PROM 
800 Usable Gates 
Low Voltage Operation (3.0 to 6.0 Volts) 
Memory can be Segmented and Protected 
Performs Block Functions on 8-, 16-, 32-, and 64-Bit Words 
Five E2PROM Fuses for Control and Security 
Manufactured Using Low Power CMOS Technology 
Vpp Internally Generated 
2 us Read Access Time; 1 ms Write or Erase Time 
Temperature Range from -40°C to 85°C 
ESD Immunity > 4K Volts 
High Reliability and Endurance: 
100,000 Write/Erase Cycles 
25 Years Data Retention 
¢ High Voltage Capability for RF Interface 
¢ Ideal for Smart Cards, ID Tags, Keys, and Other Secure, Portable, 
Applications 


Smart Ca 


Block Diagram 


ADDRESS 
DECODER 


800 GATES LOGIC 


Description 2 


The AT88SC200 provides 2048 bits of serial E2PROM (Electrically Erasable and 
Programmable Read Only Memory) with 800 gates of usable CMOS for use as 
personalization, security, and glue logic. J 88SC200 is ideal for high-volume 
applications requiring 2K E2PROM with c logic, such as smart cards, ID tags, 
keys, and other secure, po 


Pad Configuration 
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The outputs of the AT88SC200 can sink and source up to 
7mA. The inputs are TTL compatible and use a Schmitt 
Trigger design. The device also provides pull-down and 
pull-up capability for floating signals. The AT88SC200 is 
manufactured using low-power CMOS technology and 
features its own internal high voltage pump for single 
voltage supply operation. The devices are guaranteed to 
100,000 erase/write cycles and 100 year data retention. 
Endurance up to one-million write cycles has been 
demonstrated. 


Figure 1. AT88SC200 Design Flow 


Atmel will personalize the 800 gates of logic as described 
in Figure 1. The customer's design will be accepted in one 
of three formats: 

¢ Functional Description 

¢ Schematic 

¢ Compatible Netlist 

Compatible netlists can be generated from Mentor™, 
Cadence™, Viewlogic™, Dasix™ and Valid Tools™. 
The personalized devices are available in wafer, die, 
micromodule, or standard packages. 


Functional Description, 
Schematics, Specifications, 


Customer 


or Compatible Netlist 


Schematic Capture or 


Design Synthesis and 


Atmel 


Simulation 


Customer 


Test Program Generation 


Customer 


Customer 


Preliminary Design Review 
Agreement on Netlist, 
Simulation Results and 
Test Vectors 


Final Design Review 


Units (DVS) 


Atmel 


Atmel 


Atmel 


Deliver Design Verification 


Atmel 


Cadence, Dasix, Mentor, Valid Tools and Viewlogic may be trademarks of others. 
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Absolute Maximum Ratings* 
*NOTICE: Stresses beyond those listed under "Absolute Maximum 


Operating Temperature “55°C to +125°C Ratings” may cause permanent damage to the device. This is a stress 
rating only, and functional operation of the device at these or any 
Storage Temperature -65°C to +150°C other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum 
Voltage on Any Pin rating conditions for extended periods may affect device reliability. 


with Respect to Ground .................. -1.0Vto+70V 


Maximum Operating Voltage ...............ccesscceceeeees 6.6 V 


DOS COUBUT COUIB INE sec sisansscasie inns swacon'eman enscaneisinwnee 5.0mA 


DC Characteristics 
Die Tamp = —40°C to +85°C, Voc = 5 V 10%, Vssg = 0 V (unless otherwise specified) 


Characteristics 
Supply Current on Voc out of 
Program (tam = + 25°C). 
locp Supply Current on Voc during ; - 4.0 mA 
Program (tamp = + 25°C). 


Input Low Level 


Packaging 


All Atmel smart card secure ICs are available in wafer, die, | background to thicknesses of 6 to 21 mils, + 0.2 mils. 
or standard packaging. All die can be tested and screened Standard packages include plastic DIPs, SOICs, PLCCs 
to either a commercial or industrial flow, and can be and micromodules. 
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Features 


¢ Enhanced Intel 80C31 Microcontroller Offers Maximum Security for High 
Security Smart Card Applications 


8 Kbytes E2PROM Program Memory Provides Higher Level of Security than 
Traditional ROM 


8 Kbytes E2PROM Application/Data Memory 
768 Bytes Internal RAM 


512-bit Public Key Math Coprocessor Performs Modular Exponentiation In 
2.0 Seconds 


Supports Public Key Protocols-RSA, DSA, and Diffie-Hellman 


Optional OS Implements Secure Hashing Functions, DES, Access Control 
Protocols, Digital Signatures, and Key Management Schemes 


100% Field-Programmability Provides Maximum Flexibility 


Advanced Internal Security Allows New Applications to be Downloaded and 
Executed Without Compromising System Security 


Programmable Memory Access Control Protects Critical Sections of Program 
Data Memory 


ISO/IEC 7816-3 Compliant 


Description 


The AT88SCS54C is an 80C31-based smart card device designed spe 
high-security, public key cryptosystem marketplace. In addition 
80C31 core, the device contains a 512-bit public key math coproces 
performs a 512-bit modular exponentiation in 1.5 second: 
includes a built-in random number generator and conte : 
RAM for operands to enable CPU independent operati 


RAM. 8 Kbytes 
a higher level of code 


€ programmed at either the 


additional flexibility by allowing the appli ¢ 
is available for application/ 


wafer or card level. The remaining 8 Kb 
data memory. 


Card Module Contacts 
voc[e] [65] Ve 
RST| C2] Ne 
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Block Diagram 


MAC 
Hardware 


Public Key 
Coprocessor 
(PKC) 


Status 
indicators 


The device is compatible with the industry standard 80C31 
microcontroller instruction set. The AT88SC54C contains 
256 bytes of scratch pad RAM, two 16-bit timer/counters 
and a five-source, two-level interrupt architecture The 
AT88SCS4C supplies all the necessary timing and high 
voltage functions required for programming the E2PROM 
and no external support circuits are required. 


The 8K bytes of E2PROM are guaranteed to 100,000 Write/ 
Erase cycles and 100 years data retention. Endurance up to 
one-million write cycles has been demonstrated. 


The AT88SCS4C is specifically designed to meet the 
rigorous security demands of the high-security smart card 
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512 bytes 
RAM 


OS/Program 
8K E2PROM 


iso 
Contacts 


Voc 


Application/Data 
8K E2PROM 


256 bytes RAM 


Serial 
Interface 


marketplace. The public key coprocessor (PSC) supports 
the public key algorithms of RSA, Diffie-Hellman, DSA, 
etc. Software libraries are available to implement secure 
hashing functions, DES, access control protocols, digital 
signatures and key management schemes. 


The AT88SC54C, combined with advanced security 
software, is ideal for high-security applications such as 
public key digital signature generation and verification, 
access control, personal identification and authentication, 
cryptographic key management, payment systems and off- 
line transactions. 
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Table 1. AT88SC54C Memory Map 


8K x 8 E7PROM 

512 Bytes RAM 

I/O Module 

Memory Access Controller (MAC) 
OS Entry Point Control Module 


Functional Description 


At the core of AT88SC54C is an enhanced 80C31 
microcontroller. The E2PROM, RAM and public key 
coprocessor are integrated with the 80C31 microcontroller 
into asingle chip. Several enhancements to the operation of 
80C31, along with the built-in programmable memory 
access controller, OS entry point controller, and one-time 
programmable status indicators achieve the security 
objectives of the AT88SC54C. 


Enhanced 80C31 Microcontroller meets the advanced 
security objectives of the AT88SC54C. The 80C31 
enhancements include: 


- Detection of program execution from address range 0 
to 1FFFh. 


- Detection of MOVC, LCALL, RET, RETI, LJMPand 
JMP instructions. 


- Loads a OFFh into accumulator when a MOVC 
instruction is executed from address range beyond 
1FFFh and the source of the constant is in address 
range 0 to 1FFFh. 


- A memory access or OS entry point violation or 
execution of the instructions LCALL, RET, RETI, 
LJMP and JMP by the code in the application program 
space generates anon-maskable interrupt. An interrupt 
service routine can be written to take appropriate 
action. 


Public Key Math Coprocessor (PKC) provides 
processing capability for public key cryptography math. 


8K x 8 Program Memory E2PROM contains 8K bytes of 
OS, program, or OS and application code. The OS is loaded 


Device /Memory Module Memory Type 
Public Key Coprocessor (PKC) Data 
8K x 8 E7PROM Program/OS 


Status Indicators OTP 
Fuses OTP 


AIMEL 


Application/Data 
Data 
Data 
Data 
Data 


at the wafer level, and the application code can be 
programmed at the wafer level orcan be serially programmed 
using the OS and the serial port of the AT88SCS54C. 


8K x 8 Data Memory E2PROM can be used as either 
application or data memory, and contains fuses for write/ 
erase protection as well as test and status fuses. This 
memory can be segmented and protected in 512 byte blocks 
if more than 8K of program memory is needed. 


512 Bytes RAM provides additional scratch pad memory 
for the OS, RSA and other application code. Since the 
address decoding circuitry partitions the memory in 4K 
blocks, images of the 512 byte RAM occupy the entire 4K 
range at intervals of 512 bytes. 


I/O Module consists of an 8-bit buffer and an 8-bit latch. 
Data can be read or written from these ports. 


MAC Module can be programmed to prevent access to a 
contiguous block of memory. When programmed, the 
MAC controls access to memory from program code that is 
executed from an address range beyond 1FFFh. 


OS (Internal Code Space) Entry PointControll Module 
provides the ability to control the point of entry into the OS 
code space by programming an entry point address. 


Status Indicators can only be written with a value of 1. 
These indicators are accessible by the codeexecuted in the 
address range 0 to 1FFFh. There are 8 status indicators. 
These can be used by the OS code to provide additional 
security features. 


Fuses are available for memory protection, test, and other 
security features. 
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Public Key Math Coprocessor 


The public key math coprocessor (PKC) accelerates the 
computations required to implement public key 
cryptography. The coprocessor can perform addition, 
multiplication, and exponentiation modulo an arbitrary 
integer. This capability can be used for implementing 
public key algorithms such as RSA, DSA, and Diffie- 
Hellman, for digital signature and key management purposes. 


The PKC can handle operands up to 512 bits in length. A 
modular exponentiation using 512-bit operands will 
typically take less than 2.0 seconds when using an input 
clock frequency of 11.0592 MHz. By using a higher input 
clock rate, as well as other mathematical techniques 
depending on the particular cryptosystem being 
implemented, this time can be significantly reduced. 


The PKC contains 3000 bits of dedicated RAM for operand 
and result storage. Computations require no intervention 
by the 80C31 microcontroller other than loading the operands 


and starting the desired calculation by writing to the correct 
address. The PKC indicates completion of the calculation 
by setting a "READY" bit which the application code can 
poll for. 


As part ofits design, the PKC incorporates logic to facilitate 
the implementation of a high-quality digital pseudorandom 
number generator. The PKC operates by repeatedly squaring 
a secret seed value modulo a large prime. After each 
squaring operation, the least-significant bit of the result is 
shifted into a holding register 1. These bits are then 
available for use by an application requiring "random" data. 
For example, this feature is useful when implementing 
challenge-response protocols or certain types of digital 
Signature schemes. The strength of the generator depends 
on keeping the seed value secret. Facilities for secure 
storage of data are built into the memory access control 

architecture of the AT88SC54C. 


1 Formore information on this technique please see: Blum L., Blum M., and Shub M., "Comparison of two pseudorandom 
number generators", Proceedings of CRYPTO '82, Plenum Press, 1983, pp. 61-78 
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Serial Programming Interface 


The OS code can be loaded at the wafer or card level by 
using a 3-wire serial programming interface that requires 
the control input pins of RST, CLK and I/O. 


Serial programming operations are controlled by five 
instructions issued by the user. A valid instruction consists 
ofa start bit (logic '1') followed by the appropriate op code 
and the desired memory address code and data bits. 


READ (READ): The READ instruction contains the 
address code for the memory location to be read. After the 
instruction and address are decoded, data from the selected 
memory location are available at the serial I/O pin. Output 
data changes are synchronized with the falling edges of 
clock (CLK). 


ERASE/WRITE ENABLE (EWEN): To assure data 
integrity, the part automatically goes into the Erase/Write 
Disable (EWDS) state when power is first applied. An 
EWEN instruction must be executed first before any 
programming instructions can be carried out. Please note 
that once inthe EWEN state, programming remains enabled 


until an EWDS instruction is executed or Vpp power is 
removed from the part. 


WRITE (WRITE): The WRITE instruction contains the 8 
bits of data to be written into the specified memory location. 
The self-timed programming cycle starts after the last bit of 
data is received. The I/O pin outputs a ‘Low to indicate that 
E2PROM programming is still in progress and goes into 
high impedance state when programming is completed. 


ERASE/WRITE DISABLE (EWDS): The EWDS 
instruction disables all programming modes and should be 
executed after all programming operations. The operation 
of the READ instruction is independent of both the EWEN 
and EWDS instructions and can be executed any time. 


ERASE ALL (ERAL): The ERAL instruction programs 
every bit in the memory array to the logic '1' state. The 
ERAL instruction is externally timed by keeping the I/O 
pin at Vss level for 10 ms after the op code. The ERAL 
instruction must be executed before any of the memory 
array can be re-programmed. 


Instruction Set For Serial Programming Interface 


Smart 
Bit 


Instruction 


READ 


Address Data 
MSB LSB MSB LSB 
A12 - AO D7 - DO (out) 


Notes: 


1. All instructions must be supplied with the exact number of clock cycles. 
2. Invalid instructions will not be executed. 
3. I/O pin must be held low during normal reset operation if boot fuse is not blown. 
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Serial Programming Interface Timing 


READ: 
RST 


CLK 
fe) 


WRITE: 
RST 

CLK 

vo 


EWEN: 


RST 


CLK 


Me) OP eee oe 
EWDS: 


RST [eee .)!0COU™TTOUOUTTCUM ; : 
ee aceel Gall ted GN LA) wesw el ed Ld ee eld LL 
fe) | | 


1-000 5 aree—**** 


ERAL: 
RST ;. . 
1 2 3 24 


er I ieee LILI Lowe LIL 
VO | | | | 
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Absolute Maximum Ratings* 

*NOTICE: Stresses beyond those listed under "Absolute Maximum 

Operating Temperature “55°C to +125°C Ratings" may cause permanent damage to the device. This is a stress 

Storage Temperature -65°C to +150°C rating only, and functional operation of the device at these or any 

Voltage on Any Pin other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum 

rating conditions for extended periods may affect device reliability. 


with Respect to Ground -1.0Vto+7.0 V 
Maximum Operating Voltage ...............ccccsseeeees 6.6 V 
DG OUT GUI sssessssncrssiascaciansrinasveneriaenens 5.0 mA 


ISO Contact Electrical Characteristics 
DieT amp = -40°C to + 85°C, Vpp = 5 V 10%, Vss = 0 (Unless Otherwise Specified) 


1/O Contact 
VIH lin Max = +/-500 pA 
ly Max = +/-20 pA 0.7 x Xe 
lw max =-1 MA 0.8 
lon Max = -100 pA 
lon Max = -20 pA 


tr, te Cin, Cout = 30 pF usec 


li Max = +/-200 pA 
liq Max = +/-20 pA 0.7x Voc 
li Max = +/-10 pA 


Vit ly, Max = +/-200 LA 0 0.5 V 
tr, tr Cin = 30 pF 9% of period ysec 
max = 0.5 


RST Contact 
Vin liq Max = +/-200 pA 4 Voc V 


liq Max = +/-10 pA woe - 0.7 
lw Max = +/-200 pA 


= 200 mA 


Packaging 


All Atmel smart card secure ICs are available in wafer,die, | background to thicknesses of 6 to 21 mils, + 0.2 mils. 
or standard packaging. All die can be tested and screened Standard packages include plastic DIPs, SOICs, PLCCs 
to either a commercial or industrial flow, and can be and micromodules. 


AIMEL 10-37 


10-38 ATS88SC54C  wtteusaeesssunc oi 


Features 
¢ Single Chip Solution-Analog + Digital + Memory 
¢ Option to Eliminate External Components (Batteries, Capacitors, Coils) 
¢« Customized Security Features 
¢ Optimized Analog Cells: 
Voltage Rectifier Voltage Regulator 
Operational Amplifier Bandgap Voltage Reference 
Phase Locked Loop Voltage Controlled Oscillator 
¢ Enhanced Digital Library with Boundary Scan, Logic Macrocells, and 
80C31 Microcontroller Cell 
Advanced E2PROM and Flash Memory Technology 
Choice of COT or Turnkey Design Flow 
Ideal for Contactless Smart Cards, Electronic Tags, Electronic Keys 
Used in Identification, Access, and Monetary Value Applications: 


Toll Usage Parking 
Mass Transit ID Tags 
Vending Machines Sensors 


Block Diagram 


Analog Circuitry 
¢ Power Supply Generation 
¢ Data Reception 

¢ Data Transmission 


VYQQVQVOE 


Digital Logic 
¢ Control Logic 
¢ Security Logic 
« Glue Logic 


Description P 
Atmel's nonvolatile, mixed-signal A 
(RF) identification (ID) i ‘hes 
digital logic, and analog circuitry on a ae chip to meet the requirements of 
contactless, nonvolatile data storage and retrieval devices. These monolithic devices 
can be packaged in.¢¢ ontactless smart cards, and electronic keys, tokens and tags for 
a variety of applica ions including road tolls, parking, mass transit, ID tags, and 
vending machines. 


A unique silicon design capability allows customers to design monolithic RF ASICs 
with the option of eliminating all external components (batteries and capacitors) and 
all physical electrical contacts. Depending upon the application, the ASICs can 
interface with external coils, or use a relatively new "coil-on-chip" technology for 
power supply generation and for data reception and transmission. This level of 
integration and miniaturization provides the ideal monolithic, low-cost device that 
is required by the RF ID marketplace. 


AIMEL 
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Atmel's nonvolatile, mixed-signal ASICs are comprised of 
three distinct components: 1) nonvolatile memory, 2) 
digital logic, and 3) analog circuitry. The nonvolatile 
memory is available in E2PROM or Flash in the densities 
shown in Table 1. The memories feature an internal high- 
voltage pump for single voltage operation, and are 
guaranteed from 1,000 to 100,000 erase/write cycles and 
up to 100 years data retention, depending on which memory 
type is used. The E2PROM and Flash memories also 
support applications that have low-power and low-voltage 
requirements, with supply voltages ranging from 1.8 to 6 
volts, again depending on the memory type and the circuit 
design. 


Several analog cells have been designed and optimized to 
meet the needs of RF ID applications. These cells and their 
specifications are listed in Table 2. Atmel currently designs 
and manufactures nonvolatile, mixed-signal ASICs that 
cover a variety of modulation techniques, operating 
frequencies, and operating ranges using these cells. 


Atmel supports two primary design flows outlined in 
Figure 1. and a third is in development. The first is 


Table 1. 


Minimum 
Density 


Memory 
Type 


E2PROM 
Flash 


104 bits 
1K bits 


Maximum 
Density 


64K bits 
64K bits 


customer owned tooling (COT). Atmel supplies design 
rules, electrical rules, SPICE™ models, and any analog or 
digital cells that are required. Afterthe designis completed, 
the customer provides a design database tape in GDSII™ 
format, as well as a test program and test vectors, then 
Atmel drops in the appropriate nonvolatile memory. 


In a turkey design, also shown in Figure 1, the customer 
provides a firm product specification and schematics, and 
Atmel performs the design in conjunction with third party 
design houses located throughout the world. The third 
design flow entails the development of a mixed-signal, 
nonvolatile library that will be ported to several popular 
workstations in the future. Atmel's digital library is currently 
available on Mentor Graphics™, Cadence™, and 
Viewlogic™ workstations. The library supports boundary 
scan and includes over a hundred gates, muxes, latches, 
flip-flops, and buffers, as well as several logic macro cells. 


All nonvolatile mixed-signal ASICs are manufactured 
using Atmel's advanced two-level metal, 1.8-micron, low- 
power CMOS process. The devices are available in either 
wafer, die, or standard package options. 


Supply Interface 


Voltage 
1.8-5V Both 


3-5V Parallel 


Cadence, GDSII, Mentor Grpahics, SPICE and Viewlogic may be trademarks of others. 
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Table 2. 
DieTamp = -25°C to +85°C 


Analog Cell Specifications M Typ Units 
Bandgap Reference 
Reference Voltage 1.109 1.193 1.277 V 
Temperature Stability 10 uV/ °C 
V 
5.0 


Voltage Rectifier 


n 
Input Voltage 7 
(sine wave, peak-to-peak) 


j Max 

+1.7 

Output Voltage (DC) +7 +12 
+7 +12 

5.5 


V 
: . V 


Output Voltage 1 4.5 
Output Voltage 2 3.1 3.6 4.2 V 
Operational Amplifier 
2 3.5 


4 
Oscillator Gain 1.47 2. MHz/V 


Control Voltage 2.0 4.0 


2.8 V 
Phased Locked Loop (PLL) 


Packaging 

All Atmel smart card secure ICs are available in wafer, die, background to thicknesses of 6 to 21 mils, + 0.2 mils. 
or standard packaging. All die can be tested and screened _— Standard packages include plastic DIPs, SOICs, PLCCs 
to either a commercial or industrial flow, and can be and micromodules. 
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Figure 1. RF ID ASIC Design Flows 
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COT 


Deliver Design Rules, Electrical 
Rules, SPICE Models, Analog 


Cells, Digital Cells 


Schematic Capture or Design 
Synthesis and Simulation 


Netlist Verification 
and Simulation 


Test Program 
Generation 


Physical Design 
Place & Route, Post Route 
Simulation, Layout Verification, 
PG Tape Generation 


Deliver Design Database Tape 
(GDSIl), Test Program and 
Test Vectors 


Drop In Memory Cell 


Deliver Design 
Verification Units 
(DVS) 


ANMET 


CUSTOMER 


CUSTOMER 


CUSTOMER 


CUSTOMER 


CUSTOMER 
CUSTOMER 


CUSTOMER 


—& CUSTOMER 


Turnkey 


Schematics, Specifications 


Schematic Capture or 
Design Synthesis and 
Simulation 


Preliminary Design Review 
Agreement on Netlist, 
Simulation Results and Test 


Test Program Generation 


Physical Design 


Place and Route, Post Route 
Simulation, Layout Verification, 


PG Tap Generation 


Final Design Review 
Agreement on Post Route 
Simulation, Test Vectors and 
Specifications 


Deliver Design Verification 


Units (DVS) 
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Features 


e High Accuracy Programmable Gain Amplifiers 
+ 0.02 dB Accuracy (Typical) 
31.5 dB Range in 0.5 dB Steps 
e Software Programmable Group Delay Equalizer For Leased 
and Dial-Up Lines 
High Dynamic Range - over 90 dB 
On-Chip Anti-Aliasing Filters 
Microcomputer Interface with Serial Data Port 
Three Convenient Clock Options CMOS 
11.0592 MHz 
3.6864 MHz Programmable 
2.4576 MHz (or 2.56 MHz) =g: 
Operates from+5V Supplies Am plifier 
Low Power Standby Mode - 100 A (Typical) 
TTL and CMOS Compatible Digital Interface Delay 
Economical 16-Lead Package ° 
Full Military, Commercial and Industrial Temperature Ranges Eq ualizer 


Description 


The AT76C 10 integrates two Programmable Gain Amplifiers and a Programmable Telephone 
Line Group Delay Equalizer on a monolithic substrate. It is fabricated in a state-of-the-art, low 
power CMOS process. The Gain and Group Delay steps are controlled by a seven-bit config- 
uration code which can be programmed in real time. The AT76C10 is implemented in an 
advanced switched-capacitor technology and is designed to provide precise Gain and Group 
Delay compensation for low bit-error-rate data transmission over dial-up and leased lines. 
Anti-alias and clock filters are included on-chip as the AT76C10 employs sampled-data tech- 
niques, and external filters are not required for most applications. 


Pin Configuration Pin Definitions 
1 


VSS 


AIN 


1 
XTALO 2 VSS Negative Power Supply 
XTALI 3 Nominal -5 Volts 
CK OUT 4 4 2 XTALO Crystal Oscillator Output 
ae : 3 XTALI Crystal Oscillator Input. 
CK SEL 4 7 4 CK OUT Sampling Ciock Output. 
8 (Open Drain) 
DD 


5 V Connect to VDD. 
6 AOQUT PG-B Analog Signal Output. 


7 CK SEL Clock Select. Selects one of the 3 
recommended Clock frequencies 
PG-B Analog Signal Input 
9 VDD Positive Power Supply. 
Nominal +5 Volts. 
10 EOQUT Delay Equalizer Analog 
Signal Output. 
11 AGND Analog Ground. 
Delay Equalizer Analog Signal Input. 


13 DGND Digital Ground. 

14 cs Chip Select Control Input. 

15 WE Write Enable Control Input 
DIN 


16 Serial Data Input. 
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H VDD DGND AGND VSS 
Block Diagram ae ie 
F PROG. 7 PROG. 7 ANTI- i 
EIN GAIN AMP DELAY ALIAS EOUT 
PG-A EQUALIZER 


Device Operation 


The AT76C10 is designed for use in the signal paths of amodem 
or voice/data phone to minimize the bit-error-rate over dial-up 
and leased lines. Gain and Group Delay response of the 
AT76C10 are controlled by a serial seven-bit configuration 
code. D1 and D0 of the configuration code are the address bits 
which select one of the three control registers. Bits D2 to DS set 
the gain and delay equalizer steps. D6 is an option bit which 
controls the power down mode. All the functions associated 
with the configuration code are summarized in Tables 1 to 4. 


Configuration Code Format 


Option 


This chip can be used as part of an adaptive equalizer for me- 
dium to high speed modems (1200 bps to greater than 19.2K 
bps). The configuration code is loaded into the chip at a serial 
data input port and updated in real time. The amplitude response 
of the equalizer is nominally at 0 dB with negligible ripple. The 
AT76C10 can also be used as a fixed compromise delay equal- 
izer. 


PROGRAMMABLE GAIN AMPLIFIER: The AT76C10 pro- 
vides two high dynamic range amplifiers for maximizing signal- 
to-noise ratio. Amplifier PG-A offers 16 programmable gain 
steps from 0 dB to 7.5 dB in 0.5 dB steps. Amplifier PG-B pro- 
vides -8 to 16 dB of gain in 8 dB steps. The two amplifiers can 
be cascaded to provide 31.5 dB range of programmable gain in 
0.5 dB steps. The Programmable Amplifiers can be used as an 
Automatic Gain Control Circuit or as a fixed gain adjustment. 


CONTROL 
REGISTERS 


PROGRAMMABLE GROUP DELAY EQUALIZER: The 
Group Delay Equalizer is designed to provide programmable 
compromise group delay compensation to achieve low bit-error- 
rate data transmission. Four group delay responses are provided 
to accommodate the majority of conditioned as well as uncondi- 
tioned lines. The first three responses are recommended for line 
types C2 and Cl, while the fourth response can be used for 
3002-type lines. Two or more AT76C10s can be cascaded to 
obtain additional group delay compensation. 


CONTROL REGISTERS: Four control registers are used to 
store the configuration codes for the gain steps of PG-A and 
PG-B, the delay steps of the Delay Equalizer, and the control bit 
for the power-down mode. 


MICROCOMPUTER INTERFACE: Control inputs CS and 
WE and serial data input DIN allow the AT76C10 to be easily 
interfaced with most popular microcontrollers. All digital I/Os 
are TTL as well as CMOS compatible. 


WRITE OPERATION: To program a configuration code into a 
particular control register, the voltage at CS has to be brought 
low while the data bits appearing at DIN are strobed in at the 
rising edge of WE. At the rising edge of CS, the last seven input 
data bits are latched into the control registers. 
POWER-DOWN MODE: _ To minimize power consumption 
for battery powered applications and in certain linecard applica- 
tions, the AT76C10 provides a low power standby mode of op- 
eration. In the power-down mode, the analog outputs go into a 
high impedance state. The power-down mode is initiated by 
writing a "0" into the power-down register. Once in the power- 
down mode, the AT76C10 can be reactivated by writing a "1" 
into the power-down register. It should be noted that upon pow- 
ering up the AT76C10 for the first time, it automatically goes 
into the normal active mode of operation. 
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Table 1. Option Selection 

CRYSTAL OSCILLATOR: Internal timing of the chip is gen- 

erated either by connecting a crystal ans pins XTALI and nonress Option Bit 

XTALO of the on-chip oscillator, or by applying an external ei: ae Function 
clock at pin XTALI. In the latter case, pin XTALO should be 
left unconnected. To accommodate different applications, three 
clock options: 2.4576 MHz, 3.6864 MHz and 11.0592 MHz, 
can be selected via control pin CK SEL. For applications in a 
linecard environment, a 2.56 MHz clock can be used instead of 
the 2.4576 MHz clock. The 153.6 kHz (160 kHz with 2.56 MHz 
clock) sampling clock is available as an open drain output at 
CK OUT for synchronization or driving other circuits, e.g. the 
transmit or receive filters, or A/D and D/A converters. Recommened 

Line 
Condition 


Recommended 
CK SEL XTAL Frequency CK OUT 


VDD 11.0592 MHz 153.6 kHz 


Control Code PG-A  PG-A Gain 
D5 D4 D3 D2 Step No. (dB) 


0 0 


° 
sk 
2 
ro) 


DGND 3.6864 MHz 153.6 kHz 


VSS 2.4576 MHz 153.6 kHz 
VSS 2.56 MHz 160.0 kHz 


0 
0 
0 
0 
0 


oO 


Group Delay Characteristics (Microseconds) 
Fs = 153.6 kHz 


ee ee ee ee ee eS 


oO }|O 


Frequency Step Step 


#2 


oO }O 


o}oO 


985 
1500 431 890 1330 1791 


1700 462 938 1382 1838 
1900 435 897 1305 1810 


2100 372 777 1144 1510 
2400 266 542 808 683 


2700 181 361 534 342 
3000 136 250 368 213 
3300 102 182 267 148 


ee ee ee ee ee ee 2 
alolalolalo|alolalo|/alo|a|/o/a 


oO };O};|O 


Control Code PG-B PG-B Gain 
D5 D4 D3 D2 Step No. (dB) 


X = Don’t Care 
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Sample Connection for Typical Application 


GROUP DELAY 


PROG. TO DEMODULATOR 


70” ORLINE INTERFACE 


12 
(OPTIONAL COUPLING EQUALIZER 
CAPACITOR) 
AOUT 
6 
FROM LINE INTERFACE 
OR MODULATOR - 
VDD/DGND/or VSS CK SEL ay 
DECODED ADDRESS cs 
15 WE 
Pre 2 ey TO DRIVE OTHER 
CK OUT CIRCUITS (OPTIONAL) 
SERIAL DATA BUS DIN 
XTALI XTALO VSS DGND AGND 
3 2 1 13 


, of 


Absolute Maximum Ratings* 


-55° C to 125° C 
-65° C to 150° C 


Temperature Under Bias 
Storage Temperature 


Voltage on Pins AGND and 


DGND with Respect to VSS -0.6 V to 6.25 V 


All Voltages with Respect 


-0.6 V to VDD + 0.6 V 


D.C. and A.C. Operating Range 


o°Cc - 70°C 


Commercial 


-§5° C - 125°C 


Military 
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Operating Temperature (Case) VDD / VSS Power Supplies 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


SV /-5V +10% 


5V/-5V +5% 


3 apaeeamapsmassasa esas cua cee tas es astm ene eau 


AT76C10 


Electrical Characteristics 
Symbol Parameter Conditions 


VDD Quiescent Current 
(power-down mode) 


VSS Quiescent Current 
oe mode) 


Insertion Loss 
Output Voltage RL = 20 kohm 
Output Noise BW = Fs/2 


oo RL = 20 kohm 
Total Harmonic Distortion Vo = 8 Vpp 
Sampling Frequency 


Clock Feedthrough 


CS 7 
'CH 
WE - 
DIN DON'T CARE 7 (pe XDON'T CARE 
LAST BIT ENTERED 
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Digital Timing Parameters 


Write Enable Low 50 ns 
tos | DataSetupTime 40 ns 
[tow | DataHold Time 40s 


tDH 


Typical Group Delay Response 


(Fs=153.6 KHz) 


GD (ms) 


0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 
FREQUENCY (KHz) 


Input Test Waveform 
2.4V 
AC a” | KO 
DRIVING MEASUREMENT 
LEVELS og LEVEL 


0.45V 


tr, tk < 20 ns (10% to 90%) 


Typical Group Delay Response 


GD (mS) (Fs=160 KHz) 
Bok a cnbaneanadeaeehrcasaninh weeusheecs sbatirue wus aebeewenten 
18 : STEP #4 


0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 
FREQUENCY (KHz) 
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AT76C10 


Ordering Information 


Delay Gain Power | Bandwidth 
(ms) (dB) Supply (KHz) Ordering Code Package Operation Range 


31.5 +10% 4 AT76C10-PC 16P3 Commercial 
AT76C10-SC 16S (0°C to 70°C) 
AT76C10-PI 16P3 Industrial 
AT76C10-SI 16S (-40°C to 85°C) 
1.8 31.5 +5% AT76C10-DM 16D3 Military 
(-55°C to 125°C) 


Package Type 
16 Lead, 0.300" Wide Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


| 16P30— 16 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


16 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
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Features 


e High Accuracy Programmable Gain Amplifiers 
+ 0.02 dB Accuracy (Typical) 
31.5 dB Range in 0.5 dB Steps 
e Software Programmable Group Delay Equalizer For Leased 
and Dial-Up Lines 
High Dynamic Range - over 90 dB 
On-Chip Anti-Aliasing Filters 
On-Chip E2PROM Configuration Code Memory 
Microcomputer Interface with Serial Data Port CMOS 
Three Convenient Clock Options 
11.0592 MHz E2PROM 
3.6864 MHz 
2.4576 MHz (or 2.56 MHz) Programmable 
Operates from + 5 V Supplies ogs 
Low Power Standby Mode - 100 1A (Typical) Am plifier 
TTL and CMOS Compatible Digital Interface 
Economical 16-Lead Package Delay 
Full Military, Commercial and Industrial Temperature Ranges Equal izer 


Description 


The AT76C10E integrates two Programmable Gain Amplifiers and a Programmable Tele- 
phone Line Group Delay Equalizer on a monolithic substrate. It is fabricated in a state-of-the- 
art, low power CMOS process. The Gain and Group Delay steps are controlled by a seven-bit 
configuration code which can be programmed in real time and can also be stored permanently 
in on-chip E’PROMS. The AT76C10E is implemented in an advanced switched-capacitor 
technology and is designed to provide precise Gain and Group Delay compensation for low 
bit-error-rate data transmission over dial-up and leased lines. Anti-alias and clock filters are 
included on-chip as the AT76C10E employs sampled-data techniques, and external filters are 
not required for most applications. 


Pin Definitions 


Negative Power Supply. 
Nominal -5 Volts. 
2 XTALO Crystal Oscillator Output. 
3 XTALI Crystal Oscillator Input. 


Sampling Clock Output 
(Open Drain) 


Recall Enable Input. 
Loads Configuration into Control 
Registers from On-Chip E7PROM. 


| 6 AOUT _| PG-B Analog Signal Output 


Pin Configuration 


VSS 
XTALO 
XTALI 
CK OUT 
VDD 
AOUT 
CK SEL 
AIN 


ONOnhkwWNM — 


Clock Select. Selects one of the 3 
recommended Clock frequencies 
PG-B Analog Signal Input 


Positive Power Supply. 
Nominal +5 Volts. 


Signal Output 
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Block Diagram 


VDD DGND AGND VSS 


ANTI- PROG. 
ALIAS GAIN AMP 
FILTE PG-B 


R 
CLOCK 
GENERATOR 


tel 
I} 


Device Operation 


The AT76C10E is designed for use in the signal paths of a 
modem or voice/data phone to minimize the bit-error-rate over 
dial-up and leased lines. Gain and Group Delay response of the 
AT76CI10E are controlled by a serial seven-bit configuration 
code. D1 and D0 of the configuration code are the address bits 
which select one of the three control registers. Bits D2 to DS set 
the gain and delay equalizer steps. D6 is an option bit which 
determines whether the configuration code will update one of 
the control registers only, or also be stored in on-chip non-vola- 
tile memory (E?PROM) of the AT76C10E. All the functions as- 
sociated with the configuration code are summarized in Tables 
1 to 4. 


Configuration Code Format 


Control Code 


This chip can be used as part of an adaptive equalizer for me- 
dium to high speed modems (1200 bps to greater than 19.2K 
bps). The configuration code is loaded into the chip at a serial 
data input port and updated in real time. It can also be stored 
permanently in on-chip E*PROMS and updated periodically. 
The high performance Atmel E*PROM process together with 
redundancy circuits allows over 10E6 write cycles. The ampli- 
tude response of the equalizer is nominally at 0 dB with negligi- 
ble ripple. The AT76C10E can also be used as a fixed compro- 
mise delay equalizer. 


PROGRAMMABLE GAIN AMPLIFIER: The AT76C10E 
provides two high dynamic range amplifiers for maximizing 


Option 
Select 
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signal-to-noise ratio. Amplifier PG-A offers 16 programmable 
gain steps from 0 dB to 7.5 dB in 0.5 dB steps. Amplifier PG-B 
provides -8 to 16 dB of gain in 8 dB steps. The two amplifiers 
can be cascaded to provide 31.5 dB range of programmable gain 
in 0.5 dB steps. The Programmable Amplifiers can be used as an 
Automatic Gain Control Circuit or as a fixed gain adjustment. 


PROGRAMMABLE GROUP DELAY EQUALIZER: The 
Group Delay Equalizer is designed to provide programmable 
compromise group delay compensation to achieve low bit-error- 
rate data transmission. Four group delay responses are provided 
to accommodate the majority of conditioned as well as uncondi- 
tioned lines. The first three responses are recommended for line 
types C2 and C1, while the fourth response can be used for 
3002-type lines. Two or more AT76C10Es can be cascaded to 
obtain additional group delay compensation. 

CONTROL REGISTERS: Four control registers are used to 
store the configuration codes for the gain steps of PG-A and 
PG-B, the delay steps of the Delay Equalizer, and the control bit 
for the power-down mode. All the control bits, except the power 
down-bit, can also be programmed into on-chip non-volatile 
memories of the AT76C10E. 


MICROCOMPUTER INTERFACE: Control inputs CS, WE, 
RE and serial data input DIN allow the AT76C10E to be easily 
interfaced with most popular microcontrollers. All digital I/Os 
are TTL as well as CMOS compatible. For stand alone opera- 
tion, CS should be tied to VDD while WE, RE and DIN should 
be tied to ground. 


WRITE OPERATION: To program a configuration code into a 
particular control register, the voltage at CS has to be brought 
low while the data bits appearing at DIN are strobed in at the 
rising edge of WE. At the rising edge of CS, the last 7 input data 
bits are latched into the control registers. Therefore, if the first 
bit of an update byte is a "start bit," it will be ignored. If a "0" 
was inserted at D6 of the input code, the configuration code will 
also be immediately written into on-chip E*PROM of the 
AT76C10E. As all timing signals and programming voltages are 
generated internally, writing the E*PROM is transparent to the 
user. However, while the E7PROM is being programmed, which 
takes 1.5 mS, any further attempt to initiate programming will 
be ignored until the first operation is completed. 


RECALL OPERATION: A RECALL operation can be initi- 
ated any time during operation by bringing both CS and RE low 
simultaneously. The configuration codes which have been pre- 
programmed in the E’PROM of the AT76C10E are loaded into 
the control registers. 


POWER-DOWN MODE: To minimize power consumption 
for battery powered applications and in certain linecard applica- 
tions, the AT76C10E provides a low power standby mode of 
operation. In the power-down mode, the analog outputs go into 
a high impedance state. The power-down mode is initiated by 
writing a "0" into the power-down register. Once in the power- 
down mode, the AT76C10E can be reactivated by writing a "1" 
into the power-down register or performing a RECALL opera- 
tion. It should be noted that upon powering up the AT76C10E 
for the first time, it automatically goes into the normal active 
mode of operation. 


AT/SC1OE saves ore weemmras 


ee eee ee 


CRYSTAL OSCILLATOR: Internal timing of the chip is gen- 
erated either by connecting a crystal across pins XTALI and 
XTALO of the on-chip oscillator, or by applying an external 
clock at pin XTALI. In the latter case, pin XTALO should be 
left unconnected. To accommodate different applications, three 
Clock options: 2.4576 MHz, 3.6864 MHz and 11.0592 MHz, 


Recommended 
CK SEL XTAL Frequency 


VDD 11.0592 MHz 153.6 kHz 
DGND 3.6864 MHz 153.6 kHz 


VSS 2.4576 MHz 153.6 KHz 
VSS 2.56 MHz 160.0 KHz 


Group Delay Characteristics (Microseconds) 
Fs = 153.6 kHz 


CK OUT 


Frequency Step Step 


1500 431 8 330 1791 


Table 1. Option Selection 


Address Option Bit 
D1 DO D6 Function 
0 O 0 Writes Control Code into 
0 1 0 E°PROM and updates 
1 O 0 Control Registers 
0 O 1 
{ Updates Control 

o 1 Registers Only 
1 0 1 
1 1 0 Power Down Mode 

1 1 Active Mode 


can be selected via control pin CK SEL. For applications in a 
linecard environment, a 2.56 MHz clock can be used instead of 
the 2.4576 MHz clock. The 153.6 kHz (160 kHz with 2.56 MHz 
clock) sampling clock is available as an open drain output at 
CK OUT for synchronization or driving other circuits, e.g. the 
transmit or receive filters, or A/D and D/A converters. 


Table 2. Equalizer Selection 


Address ControlCode  Faualizer 
D1 DO D5 D4 D3 Dbe2 


Recommened 
Line 
Condition 


Control Code PG-A PG-A Gain 


(dB) 


D5 D4 D3 D2 Step No. 


Oo }|O};}O 
—_ | 


oO}O;O}O;O;o 
a ee ae eo a ee a ee 


Control Code PG-B 
D3 D2 Step No. 


PG-B Gain 
(dB) 


11-13 


AIMEL 


Sample Connection for Typical Application 


5V 


GROUP DELAY 


EQUALIZER 


TO DEMODULATOR 


10  ORLINE INTERFACE 


(OPTIONAL COUPLING 
CAPACITOR) 


FROM LINE INTERFACE 
OR MODULATOR 


VDD/DGND/or VSS 

DECODED ADDRESS 
re nC TO DRIVE OTHER 

SERIAL DATA BUS 4 CIRCUITS (OPTIONAL) 


CK OUT 


DGND AGND 


FROM MODULATOR TO LINE INTERFACE 


FROM LINE INTERFACE TO DEMODULATOR 


VDD/DGND/OR VSS 
5V 


TO DRIVE OTHER 
4 CIRCUITS (OPTIONAL) 


CK OUT 


XTALI XTALO VSS DGND AGND 


Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
_RRO ° 
Storage Temperature 65° C to 150° C vice at these or any other conditions beyond those indicated in 
Voltage on Pins AGND and the operational sections of this specification is not implied. 


. 7 Exposure to absolute maximum rating conditions for extended 
DGND with Respect to VSS 0.6 V to 6.25 V neriods suey whtiect device celialility, 


Temperature Under Bias -55° C to 125° C 


All Voltages with Respect 


-0.6 Vto VDD +0.6V 
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D.C. and A.C. Operating Range 


Operating — (Case) VDD / VSS Power Supplies 


rae 40° C - 85°C SV 1 -5V + 10% 
55° C - 125° C 5V/-5V 45% 


Electrical Characteristics 


Symbol Parameter Conditions Min Typ Max Units 


VDD Quiescent Current 
(active mode) 


VSS Quiescent Current 
(active mode) 
IDpP VDD Quiescent Current 
(power-down mode) 
Issp 


VSS Quiescent Current 
Lisi te ads mode) 


eat =F a 
[Rie [Input Resistance at COUT Fsn1696KHe 1S 
fc: [ImputCapactance SS SSCSC~“~*~“‘“~*~‘“~*~«SSCO 
[ROA | OuputResisance atAQUT SSS 
PROE | Ouput Resistance a COUT SSSS*~S~S«S 
ro —[eenertegey na 
‘DT Group Delay Tolerance -1.5 +1.5 

eT Gain Tolerance -0.05 0.05 dB 
Go| Insertion Loss -0.15 0.15 dB 

ro —[owavotage rust ves yoo 
VN | Output Noise BW = Fs/2 uVrms 
THO Total Harmonic Distortion i “neha 0.1 0.5 % 
[Fs |SamplingFrequency 88K 
[Vet | Clock Feedthrough 
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AIMEL 


Configuration Code Write Waveform 


DIN 


Parameter 
Write Enable Low 
Write Enable High 


CS Hold Time 


Data Setup Time 
Data Hold Time 
Input Test Waveform 
2.4V 
AC AC 
DRIVING MEASUREMENT 
LEVELS \-09.g LEVEL 


0.45V 
tk, tf < 20 ns (10% to 90%) 


Typical Group Delay Response 


GD (mS) 
2.0 


(Fs=153.6 KHz) 


0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 
FREQUENCY (KHz) 
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tcH 


D5 ( pe | DON'T CARE 


LAST BIT ENTERED 


'Rw 


Typical Group Delay Response 


GD (mS) (Fs=160 KHz) 
Be cece ronnie oh esis moe aay aan end ae oA ne eee ar eseaewweneal 
1.8 : STEP #4 


ec eee cere eee eee eg eee eee coger eee eee gee eee etree ogee eee eee geese ece oy 


0.0 0.5 1.0 1.5 2.0 2.5 3.0 3. 


FREQUENCY (KHz) 
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AT76C10E 


Ordering Information 


Delay Gain Power | Bandwidth 
(ms) (dB) Supply (KHz) Ordering Code Package Operation Range 


31.5 +10% 4 AT76C10E-PC 16P3 Commercial 
AT/76C10E-SC 16S (0°C to 70°C) 
AT/76C10E-PI 16P3 Industrial 
AT76C10E-SI 16S (-40°C to 85°C) 
1.8 +5% AT76C10E-DM 16D3 Military 
(-55°C to 125°C) 


Package Type 
| 16030 16 Lead, 0.300" Wide Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
| 16P3 | 16 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


16 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


ATMEL 147 
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Features 


e Monolithic Dual-Channel 16/18-Bit A/D Converters 
On-Chip Sample/Hold 
Automatic Linearity Error Correction 
e High Conversion Rates to 96K Samples Per Second 
at 18 Bits for Each Channel 
Capable of Single or Continuous Conversions 
Operates from a Single 5 V + 10% Supply 
High Signal-to-Noise Ratio: 90 dB 
Single Multiplexed Serial Data Output 
High Reliability CMOS Technology 
Full Military, Commercial and Industrial Temperature Ranges 


Description 


The AT76C120 provides two complete Analog-to-Digital (A/D) Converters integrated on a 
monolithic substrate. It is designed for Digital Audio and Signal Processing applications as 
well as Industrial Control and Datacommunication. The Sample/Hold function is incorporated 
in both A/D channels. Each channel can independently perform 96K 18-Bit conversions per 
second. The AT76C120 needs a minimum of external components and provides a simple and 
cost effective solution for applications requiring high resolution A/D conversion. 


The AT76C120 is fabricated in a state-of-the-art, low power CMOS process and operates 
from a single 5 V supply. A modified successive approximation algorithm is used to optimize 
conversion speed. The AT76C120 can perform a single conversion at random or continuous 
conversions. Linearity errors caused by tap weight variations are automatically compensated 
by adding a correction factor to each A/D conversion result. The optimum correction factors 
are factory programmed into each individual chip. The digital output code is presented seri- 
ally, in 2’s complement format. 


Pin Configuration 


Pin Name Function 
AGND, GND 
ADIN1 
ADIN2 
AVCC 
DOUT 
DVCC 
CONV 
SCLK 

SEL1 


Analog Ground, Ground 
Analog Input for Channel-1 
Analog Input for Channel-2 
+5 V Analog Supply Input 
Digital Data Output 

+5 V Digital Supply Input 
Convert Clock Input 
System Clock Input 

DOUT Mode Select Input 
SEL2 16/18-Bit Mode Select Input 
TEST 1,2,3,4,5,6 Test Inputs 


TOUT Test I/O 
Reference Voltage Inputs 
VR1,VR2 Channel-1,-2 Reference 
Voltage Outputs 


AIMEL 


1 
2 
3 
4 
5 
6 
7 
8 
9 


CMOS 
Dual-Channel 
16/18-Bit A/D 
Converters 
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Block Diagram 


C-ARRAY 
ADIN‘ +R-STRING 
DAC 


NON- 


« AVCC 
« AGND 
C-ARRAY 


+R-STRING ADIN2 
DAC 


VOLATILE 
MEMORY 


Device Operation 


Each analog input to the AT76C120 is sampled and held simul- 
taneously once every CONV clock period. As shown in the 
block diagram, the AT76C120 uses a combination of binary 
ratioed double-polysilicon Capacitor Arrays and Resistor String 
networks to generate the analog decision levels (or tap weights). 
The Capacitor Arrays also provide the internal Sample-and- 
Hold function. A high-gain auto-zeroed Comparator is used to 
compare an analog input with the decision levels. The Vr Gen- 
erator supplies internal reference voltages equal to (VH + VL)/2 
used by the comparators. 


A/D conversion is accomplished through 18-bit Successive Ap- 
proximation Registers (SARs). An improved successive ap- 
proximation scheme is used to optimize conversion speed. The 
A/D output codes are stored in Parallel-to-Serial Shift Registers 
and are available at a single multiplexed serial data output port. 


System Clock input, SCLK, provides the internal timing refer- 
ence and the Convert Clock, input CONV, initiates an A/D con- 
version. The Test and Timing circuits shown in the block dia- 
gram generate all the timing control signals from SCLK and 
CONV for sample-and-hold, A/D conversion and tap weight 
error correction during normal operation as well as tap weight 
error Calibration at the factory. 


A minimum of 64 SCLK clock cycles are required for one A/D 
conversion. The maximum SCLK clock frequency is 6.144 
MHz. The minimum 18-bit conversion time for each channel is 
10.4 Ls, which corresponds to a maximum conversion rate of 96 
kHz, making 2X sampling in Digital Audio applications possi- 
ble. 

To minimize overall system cost while achieving high resolu- 
tion, the AT76C 120 compensates for linearity errors caused by 
tap weight variations by adding a correction factor to each A/D 
conversion result. This operation is done automatically without 
the intervention of the host processsor. The optimum correction 
factors are factory programmed into on-chip nonvolatile stor- 
age. 

The AT76C120 requires only a single 5-volt supply for opera- 
tion. 
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System Implementation Considerations 


POWER SUPPLY DECOUPLING AND GROUNDING: To 
obtain the highest performance possible with the AT76C120, 
critical signal paths, power supply lines and ground planes on 
the circuit board should be laid out carefully to minimize noise 
coupling or aliasing into sensitive analog paths. As illustrated in 
the diagram showing a Sample Connection for Typical Applica- 
tion, a separate AVCC line decoupled to AGND with a tantalum 
capacitor in parallel with a smaller ceramic chip capacitor 
should be used for the analog circuits on the AT76C120. Simi- 
larly, a separate analog ground return, AGND, which is con- 
nected to the most quiet point in the system ground plane, 
should be used. 


For best results, four layer PC boards with separate ground and 
power supply planes are recommended. The AGND plane 
should be laid out as an island or tub underneath pins 1 to 6 and 
pins 19 to 24. 


High frequency noise on the power and ground lines can be al- 
iased into the passband by the sampling action of the 
AT76C120. If a switching power supply has to be used, both 
AVCC and AGND need to be isolated from the system supplies 
with inductors of appropriate values. 


ANALOG INTERFACE: Due to the high sampling rate of the 
AT76C120, little if any anti-alias filtering is required for most 
industrial applications. For high performance Digital Audio ap- 
plications, external Anti-Alias Lowpass or Bandpass Filters, 
shown as AAFs’ in the Sample Connection diagram, should be 
used to eliminate signals outside the desired passband. Low 
noise op amps with low output impedances should also be used 
to supply the analog inputs. 

The A/D full-scale range is determined by the voltage applied 
across pins VH and VL, i.e. (VH - VL). VL is normally con- 
nected to the analog ground, AGND, while VH should be sup- 
plied by a stable voltage reference. 

The internal reference voltage appearing at output pins VR1 and 
VR2 is nominally (VH + VL)/2. 


AY 7% 2 ssessapmame semester asia eccrine cancun ca smsat 


iti Emma cae £1 OC 1T20 


If the voltage of the input signal can swing below ground, it is. 


necessary to apply an offset to the input to make the AC ground 
correspond to the mid point of the full scale range, (VH + VL)/2. 
Outputs VR1 and VR2 provide the AC ground reference as 
shown in the diagram for Sample Connection. 


SYSTEM TIMING: Internal and output data timing of the 
AT76C120 are synchronized with the system clock, SCLK. To 
avoid possible synchronization and aliasing problems, deriving 
the convert clock, CONV, by dividing SCLK by 64 is recom- 
mended. 


The AT76C120 samples both analog inputs, ADIN1 and 
ADIN2, once every CONV period. Both inputs are sampled si- 
multaneously, i.e. in-phase. The AT76C120 then performs an 
A/D conversin on both samples and returns the two resulting 
18-bit codes at the serial data output pin, DOUT, during the fol- 
lowing CONV clock period. 


The convert clock, CONV, is used inside the AT76C120 to ini- 
tiate sample-and-hold and can also be used by the host processor 
to latch in the serial 16-bit or 18-bit wide output data. 


DIGITAL INTERFACE: The AT76C120 uses a single multi- 
plexed serial data output pin, DOUT. CH-1 and CH-2 data bits 
are synchronized with SCLK and are available during either the 
“High” or the “Low” period of convert clock, CONV. A logic 
“1” at DOUT Mode Select, SEL1, results in the AT76C120 re- 
turning the A/D output of CH-1 during the CONV “Low” pe- 
riod, and CH-2 output during the CONV “High” period. A logic 
“0” at SEL1 results in CH-1 output during the CONV “High” 
period and CH-2 output during the CONV “Low” period. 


Pin Definitions 


The convert clock, CONV, if equal to SCLK divided by 64, 
makes a transition from “High” to “Low” or vice versa after the 
LSB is shifted out of DOUT. This allows the serial data to be 
easily latched into most popular D/A converters or digital signal 
processors by using CONV rising or falling edges. To further 
enhance digital interface compatibility, DOUT Mode Select 
Input, SEL1, allows the user to choose either CONV transitions 
for both channels. 


The AT76C120 allows the user to choose either 16-bit wide or 
18- bit wide A/D outputs in 2’s complement format. A logic “1” 
at 16/18 Mode Select Input, SEL2, returns two 18-bit codes at 
DOUT, while a logic “0” results in 16-bit output codes at CONV 
rising or falling edges as shown in Input/Output Timing dia- 
gram. 

In Digital Audio and many signal processing applications, the 
A/D outputs are further processed by a digital filter. The 18-bit 
Output mode provides better dynamic range and resolution than 
16- bit outputs. However, for applications with a 8-bit or 16-bit 
host microprocessor, 16-bit wide data are more convenient to 
manage. 


SINGLE CONVERSION MODE: When using the AT76C120 
in a single conversion mode, please note that the first 15 SCLK 
periods in each CONV cycle is used for internal sample-and- 
hold for both channels CH-1 and CH-2. Since the AT76C120 
returns the digital conversion results in a subsequent CONV 
cycle, two CONV periods are in general required to perform a 
random A/D conversion. 


Symbol Functional Descriptions 


Analog 
Interface 


Anaiog Inputs for Channel-1 (CH-1) and Channel-2 (CH-2). The Sample/Hold function is 
provided on-chip for both channels. The analog inputs at ADIN1 and ADIN2 are sampled in- 


phase. Each A/D conversion takes at least 64 SCLK periods. 


Reference Voltage Inputs. VL and Vy are normally tied to Analog Ground and the desired full- 
scale voltage respectively. The full scale range is given by (VH-VL). The maximum full-scale 


voltage can be as high as AVCC. 


Reference Voltage Outputs for CH-1 and CH-2. The nominal value at these pins is (VH+VL)/2. 


Digital 
Interface 


Convert Clock Input. CONV is normally obtained by dividing the system clock SCLK by 64. 
The internal Sample/Hold pulse and A/D data output are synchronized with CONV. 


Serial Digital Output. DOUT returns two 18-bit serial outputs for CH-1 and CH-2 in 2’s 
complement format. The output data bits are synchronized with SCLK. Please refer to DOUT 
Timing Diagram for detailed timing relationship with CONV and SCLK. 


System Clock Input. The maximum frequency for 18-bit operation is 6.144 MHz. 
This corresponds to 2 minimum conversion time of 10.4 us. 


DOUT Mode Select Input. 
i) SEL1 = "1", 


CH-1 data output during CONV "Low" 
CH-2 data output during CONV "High" 


16/18-Bit Mode Select. 


i) SEL2 = "1" selects 18-bit A/D mode, 


AIEL 


ii) SEL1 = "0", 
CH-1 data output during CONV "High" 
CH-2 data output during CONV "Low" 


ii) SEL2 = "0" selects 16-bit A/D mode. 
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Pin Definitions (cont'd) : 


Symbol Functional Descriptions 


Test TEST1 
Interface TEST2 
TESTS 
TEST4 
TEST5 
TEST6 


Test Inputs. Normally tied to Ground for TEST 1, 2, 4,6 and to AGND for TEST 3, 5. These 
inputs are used for testing and calibration at the factory and are not required for normal A/D 
operations. 


Test I/O. Normally tied to Ground. 

Like the Test Input pins, this pin is not used for normal A/D operations. 

Analog Power Input. Nominal 5 Volts. AVCC should be connected to a filtered system supply 
and kept separate from the Digital Supply. 


Digital Power Input. Nominal 5 Volts. 


Analog Ground. AGND should be kept separate from the digital Ground. 
Digital Ground. 


Sample Connection for Typical Application 


+5V(D) 


AGND DIGITAL 
INPUTS 


DIGITAL 
OUTPUT 


AT76C120 GND 


Notes: 1. AVCC, AGND, +5V (A)— analog supply 
2. DVCC, GND, +5V (D)— digital supply 
3. Use high quality 0.1-.F ceramic chip capacitors. 


Absolute Maximum Ratings* 


Temperature Under Bias -55°C to 125°C 


Storage Temperature 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
65°C 150°C This is a stress rating only and functional operation of the de- 
: to vice at these or any other conditions beyond those indicated in 


Voltage on Any Pin with the operational sections of this specification is not implied. 
Respect to AGND and GND Exposure to absolute maximum rating conditions for extended 


Power Dissipation 


Reference Current 


periods may affect device reliability. 


Note: 
1. Minimum voltage is -0.6 V DC which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 


Analog Input Current is AVCC/DVCC+0.75 V DC which may overshoot to 7.0 V 


DC Digital Output Current 
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for pulses of less than 20 ns. 
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D.C. and A.C. Operating Range 


AVCC/DVCC 
AT76C120-1 AT76C120-2 Power Supplies 


0°C-70°C 0°C-70°C 5V+10% 


Operating Temperature ; ; : ; 
Range(Case) : -40°C - 85°C -40°C - 85°C 5V+10% 


-55° C -125° C -55° C -125° C 5V+5% 


D.C. Characteristics 


Symbol Parameter Conditions Min Max Units 
Reference Input Current 5 mA 
Digital Input Low Voltage -0.5 0.8 V 
Digital Input High Voltage 2.2 DVCC+0.5 V 
Digital Output Low Voltage lo=5mA 0.4 V 
Digital Output High Voltage lo=-5mA 2.4 V 
Analog Input Voltage VL VH V 
Analog Input Voltage at Vx Pin AVCC-05  AVCC V 
Analog Input Voltage at VL Pin 0.0 0.5 V 


Analog Characteristics (AVCC = DVCC = 5 V, Ta= 25’ C) 


AT76C120-1 AT76C120-2 
Symbol Parameter Conditions Min Typ ax | Min Typ Max 


AID Resolution 18 pa MB ton | 
Integral Linearity Error +0.006 % FSR 


A/D Sampling Frequency 18-Bit Mode 


t 


OdB, 1kHz Input 0.01 
-200B, 1kHz Input 
-600B, 1kHz Input 


Signal-to-Noise Ratio 


Total Harmonic 
Distortion 


er 
a 
| 


> 
oe 
7 
| 
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Input Test Waveforms 


2.2V 
AC AC 
DRIVING 50% MEASUREMENT 
LEVELS LEVEL 


0.8V 
Notes: 1. tR, tF < 30 ns (10% to 90%) 


2. Input timing reference is at 1.5 V 


Digital Output Codes vs. Analog Inputs 


Analog Digital Output Codes 
Input MSB... ..LSB 


Vu ot +t + 4 t+ © &@ f @ € 4. 4 «4 4-4 4 CY 
Vy - 1 LSB") Oo tf t 4+ + 4  @4- © 4  & 4 4 4 § 


(VH + VL)/2+1LSB 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
(VH + VL) /2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
(VH + VL)/2-1LSB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
VL+1LSB 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
VL 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Note: 1. 1 LSB =(Vy-VL)/262, 144 in 18-bit mode. 
Digital Input Waveforms Digital Output Timing Waveforms 
ty tL 
SCLK SCLK 
t = 
tacc 
CONV DOUT 


Digital Timing Characteristics 
Symbol Parameter Conditions Min M Units 


ax 
Input Rise Time 30 ns 
fy -[ScLKHighwathSSC~ 


to SCLK Low Width 50 ns 
ts | CONV Setup Time 40 ns 


tF 

tH 

tL 

ts 
DOUT Access Time CLOAD = 30 pF 50 
Tony | 


ns 
TCONV CONV Period 10.4 us 


SCLK Period 162 ns 
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Input/Output Timing for 18-Bit Mode (SEL2 = “1”) 


DOUT _MeLLepelepepelnpolets[ lols Telehse .. he ]7]o]s]efel el n]olefel7[els]e]e]2 hss 


i) SEL1 = "0", CONV ' 
ii) SEL1 = "1", CONV ° 


Notes: CONV = Fs (96 kHz Max) 
SCLK = CONV x 64 


Input/Output Timing for 16-Bit Mode (SEL2 = “0”) 


LE: 
overs 


CH-1 OUTPUT 
mse [is}ia}iafi2}isfio} sf et 7pets}s]3j2fise 


i) SEL1 = "0", CONV ' 
ii) SEL1 = "1", CONV ? 


CH-2 OUTPUT 
_ M88 [isfrafisfi2{isfiofofet7fe]s]s}s}2}iss 


Notes: CONV = Fs (96 kHz Max) 
SCLK = CONV x 64 
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Ordering Information 


Speed Signal-to- Power 
(KH2) re (dB) Supply Ordering Code Operation Range 
+10% AT/76C120-1PC Commercial 
(0°C to 70°C) 
AT76C120-1PI Industrial 
(-40°C to 85°C) 
+5% AT76C120-1DM Military 
(-55°C to 125°C) 
84 +10% AT76C120-2PC 24P6 Commercial 
AT76C120-2RC 24R (0°C to 70°C) 
AT76C120-2PI 24P6 Industrial 
AT76C120-2RI 24R (-40°C to 85°C) 
84 +5% AT76C120-2DM 24D6 Military 
(-55°C to 125°C) 


Package Type 


| 2406 24 Lead, 0.600" Wide, Non-Windowed (OTP), Ceramic Dual Inline Package (Cerdip) 


24 Lead, 0.600” Wide, Plastic Dual Inline Package OTP (PDIP) 
24 Lead, 0.330" Wide, Plastic Gull Wing Small Outline (SOIC) 
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Features 


Dual-Channel 16/18-bit A/D Converter 
Expandable to 16 Channels 

Conversion Frequency up to 96 kHz Both Channels 
Programmable Gain and Offset Control 

Precision Voltage Reference 

Programmable Low-Pass Filter 

Wide Input Range from 0 V to 226 V 

Serial Digital Output 

Embedded Microcontroller 

128-Kbyte Internal RAM Expandable to 512 Kbyte 
PC Bus or RS-232 Operation 

DOS and Windows 3.X Software Package 

Special Wire Wrap Area for Prototyping 


Description 


Atmel’s AD-120 Analog Interface System is a high-performance development tool dedicated 
to Atmel’s high resolution AT76C120 A/D converter. It provides an easy-to-use instrument 
which reduces the evaluation, learning, development, and debugging cycle, and enables 
the development engineer to solve hardware and software problems quickly and efficiently. 


AD-120 operates with an IBM PC/XT/AT or compatible personal computer and carries out 
a set of functions selected by an embedded microcontroller. The system may be plugged into 
a PC slot or operated as a stand-alone unit controlled through an RS-232 link. 


The system provides the control lines to expand the analog inputs up to 16 channels by means 
of an external multiplexer. 


AD-120 is a complete package of software and hardware components. Most of the parts are 
standard items supplied with every system. Software sources, PLD formulas, and PCB 
layouts are available upon request and are optional items. 


AD-120 
Analog 
Interface 
System 
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Applications 

- Evaluation of the AT76C120 A/D Converter 
- Hardware and Software Implementations 

- Prototyping Unit 

- Process Control 

- OEM Analog-to-Digital System 

- Data Logging and Signal Analysis 


Specifications 

Analog Inputs 

Channels: 2 Single-Ended 

Input Ranges: 0 V to+226 V 

Coding: Two’s Complement and True Binary 

Input Current: 1.5 LA maximum at 25°C 

Trigger Source: Software Command or External Signal 


A/D Converter 

A/D Converter Type: Atmel’s AT76C120 
Resolution: 16 or 18 Bits 

Conversion Time: 10.4 Us min. 

Channel Crosstalk: 90 dB at 1 kHz 
Linearity: +0.15% 

Signal-to-Noise Ratio: 90 dB at 1 kHz 


Reference 

Reference Voltage: 5V+20mV 
Temperature Drift: 25 ppm/°C 
Maximum Noise: 4 UV 


Filter 

Type: Second Order Butterworth LP Filter 
DC Low Pass Gain: +0.2 dB 

Clock Deviation Ratio: +1.5% at 250 kHz 
QEror: +6% maximum 

Q Factor: 0.74 

Cutoff Frequency: 1.875 Hz to 30.720 kHz 


Gain Amplifier 
Gain: x1 to x20.8 in Steps of 0.2 
Amplifiers: One for Each Channel 


Offset Control 
Offset: 0 V to 5 V in Steps of 0.0505 V 
Controls: One for Each Channel 


Attenuator 
Attenuation: 1:1 or 1:101 
Controls: One for Each Channel 


Digital Output 
Serial Output: Bit Stream 
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DOS Software 

Source Language: QuickBasic 

Command Set: Acquisition, Setup, View, Files, Quit 
Acquisition Menu: Start, Stop, Do Forever 

Setup Menu: Cutoff Frequency, Gain, Resolution, etc. 
View Menu: All, Range, First, Last, Graphics 

Files: Save, Filename 


Windows 3.X Software 

Source Language: C++ 

Command Set: Acquisition, Setup, View, Files, Help 
Acquisition Menu: — Start, Stop, Do Forever 

Setup Menu: Cutoff Frequency, Gain, Resolution, etc. 
View Menu: Table, Graphics Info. 

Files: Load, Save 


Microcontroller Software 
Source Language: PLMS51 
Procedures: Initialization, Communications, Output, Process 


Host Characteristics 


AD120 Program: IBM PC/XT/AT or compatible, 256 Kbyte 
of RAM, one floppy disk drive, one optional RS-232 interface 
board if used as a remote host, PC-DOS 2.0 or later 


WAD120 Program: IBM PC/XT/AT or compatible, One Mbyte 
of RAM, one hard disk, VGA color display, Microsoft Windows 
3.0 or later, DOS 5.0 or later, one optional RS-232 interface 
board if used as a remote host 


Environment 
Operating Temperature Range: 0°C to 70°C 
Storage Temperature Range: -25°C to 85°C 


Mechanical Dimensions 
Maximum Size: 120mm x20 mm 
Weight: 265 grams 


Power Requirements 
Stand-Alone Mode: 5 VDC/1.5A 
PC Mode: 5 VDC/1.5 A, 12 V/50 mA 


Items Supplied as Standard 

AD-120 Board and Components, User’s Manual, RS-232 Cable 
and nine-pin Adapter, AD120 Program Disk, WAD120 Program 
Disk, Power Cable with Terminals and Package 

Optional Items 

PCB Layouts, PLD ABEL™ Sources and JEDEC Files, 
Microcontroller PLMS51 Sources, AD120 QuickBasic Sources, 
WAS 120 C++ Sources 

Warranty 

Six months limited warranty, parts and labor 
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AD-120 


Ordering Information 
Speed Signal-to- Power 
KHz) kita (dB) Supply Ordering Code Operation Range 
84 +10% AD-120 Commercial 
(0°C to 70°C) 
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Features 


Personal System/2* and VGA* Compatible 

Pixel Rates to 66 MHz 

Triple 6-Bit DACs Display 256K Possible Colors 

Pixel Word Mask and Composite Blank on All Three Channels 
18-Bit Wide Color Palette Stores 256 Colors 

RGB Video Outputs Drive 37.5 Ohm Loads Directly 

Low Power, Low Glitch Operation 

Asynchronous MPU Read/Write to All Internal Registers CMOS 
Available in Standard 28-Pin DIP and 32-Pin LCC 


Full Military, Commercial and Industrial Temperature Ranges Triple Video DAC 


Color Palette 


Description 


The AT76C176 is a second generation color palette DAC which provides direct drives for 
RGB color displays. The AT76C176 integrates three high performance SIX-bit video DACs 
(Digital-to-Analog Converters), an advanced 256 x 18 Color Palette (Color Look-up Table) 
and a versatile microprocessor interface on a monolithic substrate. 


The AT76C176 supports the RS170 video standard and graphics controllers compatible with 
the VGA standard. This device allows 256 colors to be displayed out of a total of 262,144 
colors. The AT76C176 provides composite blank outputs on all three channels. Additional 
advanced features include on-chip pixel mask logic which allows displayed colors to be mod- 
ified in a single write cycle rather than by altering the contents of the color palette. 


Pin Configurations RED 


GREEN 
BLUE 
IREF 
PO 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
PCLK 
GND 


vec 
RS1 
RSO 
WR 
D7 

Dé 
AT76C 176 D5 

D4 

D3 

D2 

D1 

Do 
BLANK 
RD 


ON Ook wnND — 


= © 
oO 


_ 
_ 


PinName — Function 


GREEN for R,G,B Guns 

BLUE 

GND 
/RO____| Read Enable Input 
voc 
/C 


12 
13 
14 


WR 
D7 
P14 D6 
P2 D5 
P3 AT76C176 D4 
P4 D3 
P5 D2 
P6 D1 
P7 DO 


IREF 
PO 


< 


+5 Volts Analog Supply Input 


* Personal System/2 and VGA are registered trademarks of IBM Corporation. 
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Block Diagram 


VCC GND PCLK 
ADDRESS 
TIMING 
Po—P7 
COLOR GENERATOR 
PALETTE 
Do—D7<__ > MEMORY ae RED 
—— MICRO- DAC 
WR GREEN 
Rp PROCESSOR 256 X 18 BITS GREEN 
RS1 INTERFACE aT BLUE 
BLANK 
IREF 


Video Interface 


Power Supply 


Microprocessor 
interface 
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Symbol 


Functional Descriptions 
Analog Video Outputs. These are the outputs of the triple video DACs. The 18-bit 
wide color palette output and the BLANK input drive the DAC inputs. 


Reference Current Input. The Reference Current sets the full scale current sourced 
by each DAC. 


Pixel Address Inputs. The 8-bit Pixel Address is logically AND’ed with the Pixel Mask 
value before it is used to select a stored 18-bit color value from the palette. 


Pixel (or Dot) Clock Input. The rising edge of PCLK samples the Pixel Address and 
BLANK inputs. PCLK is the system clock for the palette DAC pipeline. 


Blanking Input. A logic "0" at BLANK input overrides the current color value and 
forces the Analog Video Outputs to the zero (or Blank) level. The Color Palette can 
be updated while Blanking is active. 


Ground. GND should be connected to a solid ground plane in the system 
Digital Supply. Nominal 5 Volts 

VCC should be bypassed to GND with a high-frequency capacitor 
Analog Supply. Nominal 5 Volts 

VAA should be connected to a filtered system supply 


Read Enable Input. RD controls the timing of microprocesssor Read operations. 


Write Enable Input. WR controls the timing of microprocessor Write operations. RD 
and WR should not be active (low) at the same time. 


Program Data I/O Ports (Bidirectional). The rising edge of WR latches Program Data 
at D7-D0 into the selected internal register. The falling edge of RD enables D7-D0 
as outputs and the rising edge of RD returns D7-D0 to a high impedance state. 


Register Select Inputs. Control the selection of internal registers. (See description on 


RSO, RST | internal Registers.) The falling edge of RD or WR latches in the value at RS1, RSO. 
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Internal Registers 
RS1 RSO Bits Register Name 


Pixel Address 
(Write Mode) 


Functional Description 


The Pixel Address Register is accessed via Register Address (0,0) or (1,1). 
Reading the Pixel Address value from (0,0) is the same as reading from 
(1,1). A pixel address value is normally written to Pixel Address Register at 
(0,0) before one or more color values are written to the Color Palette. A pixel 
address value is normally written to Pixel Address Register at (1,1) before 
one or more color values are read from the Color Palette. 


Pixel Address 
(Read Mode) 


18 Color Value The Color Value Register acts as a buffer between the 18-bit wide Color 
Palette and the 8-bit microprocessor interface. Each READ and WRITE at 
(0,1) consists of three byte transfers in the order of RED first, GREEN 
second and BLUE last. Only the LSBs D5-D0 of each byte are used, the two 
MSBs are set to "0" when a color value is read. The Pixel Address Register 
automatically increments after each 18-bit color value Read or Write 
operation. Each color value READ or WRITE operation overrides the pixel 
stream for one PCLK period. 

8 Pixel Mask The Pixel Mask value is bitwise AND’ed with the Pixel Address value at P7- 
PO. A"1" in a position of the Pixel Mask will not change the corresponding bit 
in the Pixel Address, while a "0" sets that bit to "0". Pixel Address supplied 
via the microprocessor interface is not affected by the Pixel Mask. 


Device Operation 


COLOR PALETTE: The AT76C176 provides an 18-bit wide 
by 256 word deep color palette static RAM array for storing the 
desired color intensity values. Each word is divided into three 
fields for the RED, GREEN and BLUE video DACs respec- 
tively. The eight-bit wide Pixel Address is decoded and used to 
select a particular location in the RAM array. The color value 
retrieved from that location is then used as inputs to the three 


Video Pipeline Timing Diagram 


video DACs which convert the digital color code into analog 
color intensity values. 

The AT76C176 achieves low power, high speed operation by 
using an advanced pipelined palette DAC architecture. Delay 
from Pixel Address to color intensity value out is three PCLK 
periods. 


PO - P7 


(AXX MXBXX XXCKX MKOMK AKER AAENA AAGKA AHA AIA AYA AK 
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MPU INTERFACE: The AT76C176 provides a standard mi- 
croprocessor interface which allows the host display controller 
to access the Color Palette RAM and all internal registers of the 
AT76C176. MPU READ and WRITE operations are internally 
synchronized with the video pipeline and therefore can take 
place asynchronously from the normal pixel mapping operation. 
An on-chip address counter allows the MPU to READ or 
WRITE the Color Palette in a Block Mode. 


COLOR PALETTE READ AND WRITE: Four MPU opera- 
tions are required to write (i.e. store a Color Value) to a specific 
location in the Color Palette RAM. The desired RAM address is 
first written into the internal Pixel Address register by executing 
a WRITE operation at register address (0,0). A new Color Value 
is next written into the internal Color Value register at register 
address (0,1) by three consecutive WRITE operations, with the 
RED color first, GREEN second and BLUE last. Only LSBs 
DS5-D0 of each byte transferred are used. The new Color Value 
is then automatically written into the designated address in the 
Color Palette RAM. 


Similarly, four MPU operations are required to read a Color 
Value from a specific location in the Color Palette RAM. The 
RAM address is written into the internal Pixel Address register 
by executing a WRITE operation at register address (1,1). The 
Color Value stored in that particular RAM location is automati- 
cally transferred to the internal Color Value Register. Three 
consecutive READ operations are then required to read the re- 
trieved Color Value in three bytes, with the RED color first, 
GREEN second and BLUE last. Only the last six LSBs D5-D0O 
contain valid data, the two MSBs are set to "0". 


BLOCK READ AND WRITE MODE: The on-chip Pixel Ad- 
dress Register automatically increments by one after each com- 
plete Color Value READ or WRITE operation. This useful fea- 
ture allows an entire block of the Color Palette RAM to be ac- 
cessed by simply writing the starting address into the Pixel Ad- 
dress register at the appropriate register address. Subsequent 
READ or WRITE operations require only three-byte transfers at 
D7-D0. 


TRIPLE VIDEO DAC: Each of the three video DACs on the 
AT76C176 consists of an array of current sources tied to a com- 
mon output. The current sources use an advanced current steer- 
ing scheme to minimize glitch energy. The number of current 
sources in each DAC steered to the output during any PCLK 
period equals the value represented by the Color Value selected 
from the Color Palette. The rest of the current sources are 
steered to ground. 


The input Reference Current (IREF) determines the current in 
each current source. Each DAC is designed to produce 0.7-volt 
peak white level when driving a doubly terminated 75 ohm load 
with IREF = -8.88 mA. The relationship between the peak 
white level and IREF is given by the equation: 


VPeak White = 2.1 x IREF x Rioad 
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BLANKING: The AT76C176 supports composite blanking at 
all three RED, GREEN and BLUE video outputs. The BLANK 
input is latched on the rising edge of PCLK and affects the ana- 
log video outputs after three PCLK periods. An internal 
pipelined delay circuit is used to synchronize the BLANK input 
with the normal pixel pipeline. A logic "0" at BLANK input 
overrides the current color value and forces the analog video 
outputs to the zero (or Blank) level. The BLANK circuit has no 
effect on the MPU interface and the Color Palette remains ac- 
cessible via READ and WRITE. 


PIXEL MASK: The AT76C176 features an advanced on-chip 
Pixel Mask which is very useful for cursor control, flashing ob- 
jects, and animation. The Pixel Mask value stored in internal 
register (1,0) is bitwise AND’ed with the input Pixel Address 
value at P7-PO to form the actual RAM address for the Color 
Palette. A"1" in a position of the Pixel Mask will not change the 
corresponding bit in the Pixel Address, while a "0" sets that bit 
to "0". Pixel Addresses supplied via the MPU interface are not 
affected by the Pixel Mask. 


Absolute Maximum Ratings* 


-55°C to 125°C 
-65°C_ to 150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 
Respect to Ground 


-2.0V to 7.0 V"") 


POW DISGIR QUOD csiccissctinsianssmnsninrwenicesninnnstistamvesicd 1.5W 
Reference Current 

Analog Output Current 

DC Digital Output Current 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note: 

1. Minimum voltage is -0.6 V DC which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is VWCC+0.75 V DC which may overshoot to 7.0 V for pulses 
of less than 20 ns. 
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D.C. and A.C. Operating Range 


VCC/VAA 
AT76C176-66 AT76C176-50 AT76C176-40 Power Supplies 


0°C- 70°C 5V+5% 
0°C- 70°C o°Cc-70°C 5V+10% 
-40°C - 85°C -40°C - 85°C 5V+10% 


-55° C -125° C 5V+5% 


Operating Temperature 
Range(Case) 


Ind. 


D.C. Characteristics 


All 40MHz2z 50MHzZ 66 MHz 
ee Parameter Conditions Min Max Max Max Units 


Input Load Current Vin = -0.1 V to Voc+0.1 V 


Output Leakage 


Current VouT = -0.1 V to Vcc + 0.1 V 


ILO 
lO =21 MA 


Ice Power Supply Current pigital Outputs Open 


-0.5 0.8 0.8 0.8 
2.0 Vcoc+0.5 Vcc+0.5 Vocc+0.5 
0.4 0.4 0.4 


Video DAC Characteristics 


= 


cs 40MHz 50MHz 66 MHz 
———e Parameter Conditions Min Typ Max Max Max Units 


Resolution 


Integral Linearity Error NoteA +0.5 


DAC to DAC 
Correlation 


Full Scale Error Note C 
DVT Glitch Energy Notes D, E pVsec 
Output Current VO<1V 18.6 2 21 21 mA 
O Output Voltage lO<21 mA 0.7 1d 13 15 V 


Note B 


< 


i 


Rise Time 
(10% to 90%) Notes D, E 8 8 6 ns 


Full Scale Settling 
tDF Tine Notes D, E, F 25 20 15 ns 
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Video Timing Characteristics 


All 40MHz 50MHz 66 MHz 
Conditions Max Min Min Min Units 


PCLK Period (t) 10000 28 20 15 ns 


PCLK Jitter tCHCH =T +2.5 % 

PCLK Low Width 10000 3 ns 

PCLK High Width 10000 7 ns 
5 


Symbol 


tCHCH 


Parameter 


AtCHCH 
{CLCH 
tCHCL 


Video Timing Waveforms Diagram 
t 


i \ \ \ ~\ \ 
t PVCH rane t cupx 
CL EXXKALALAXK EXAKK HX AX 


t BVCH tJ t Hex 
AKXY | KXXY XAXY XXXY XX 


CHAV 


tPVCH 
tCHPX 
tBVCH 
tCHBX 
tCHAV 


PO - P7 


BLANK 


RED —A 


BLUE —aA 


mai 
B 
GREEN — —- 


BLANK ——“__ 


BLANK 


Input Test Waveforms 
3.0V 


2.4 


AC AC 
DRIVING MEASUREMENT 
LEVELS og LEVEL 


0.0V 


Notes: 1. tr, tr <3 ns (10% to 90%). 
2. Input timing reference is at 1.5 V. 


AT76C176 
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Digital Input/Output Load 


1.4V 


200 OHM 


/O 
CL = 50pF INCLUDING 
| JIG CAPACITANCE 


AT76C176 


MPU Interface Timing Characteristics 


All 40 MHz 50MHz 66 MHz 
Symbol Parameter Conditions Max Min Min Min Units 


a 
a 


tRHQZ Output Turn-off Delay Note | 20 


ns 
tWHWL1_ | Successive Write Interval t=PCLK Period At 4t 4t ns 
tWHRL1 Write Followed by Read Interval t=PCLK Period 4t At At ns 


tRHRL1 Successive Read Interval t=PCLK Period 4t 4t 4t ns 


luna 


tRHWL1 Read Followed by Write Interval t=PCLK Period 4t 4t 4t ns 
tWHWL2 | Write After Color Write t=PCLK Period 4 


T At At ns 
tRHWL2 
twins 


Read/Write Enable Transition 


tWREN 


Notes 

Note A: Measured from best fit line through DAC transfer Note F: Measured from a 2% change in the DAC output 
curve. voltage to within 2% of the final value. 

Note B: Measured from the mid point of the distribution of the Note G: Measured between the 50% point of the rising 
three DAC transfer curves. edge of PCLK and at the analog output halfway be- 

VO-2.1xIREFXRLoad tween successive output values. 

ete ee 2.1xXIREFXxRLoad eis Note H: Measured between different analog outputs on the 

Note D:  Ztoad = 37.5 ohm + 30 pF, IREF = -8.88 mA same device. 

Note E: This parameter is sampled and not 100% tested. Note I: Measured at +200 mV from steady state output values. 
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Write Operations Waveforms 


——— t WLW 


WR 
ae 
SSI 0L00,0 Qa MD 42020,020,020,010,0.9,00.0,0.0,0.0,04 
t DVWH t WHDX 


00-07 OXXXXKXXKAXKXMANK | XKXKXKX 


Read Operations Waveforms 


| VW 


— NE MD AA AAcacececece WAcacerecececacey 


DO - D7 


A.C. Waveforms for Color Value Write Followed by Any Write 


t WHWL1 t WHWL1 t WHWL1 t WHWL2 


m —\_}—_}—- Fe 
ee ener ere 
RSO IXXXXX/ \AXXXX/ \AXXXX/ XXXXXX__XX 
RS1 XXXKM /XXXXX\ XXXKMA AXXXXX__XX 
DO - D7 (red) (XX 


11-38 (5) i). 9 sas cmmmaasa emma EGA SG SS ma crermes 


Sm nen mRnarmEmmMCTE A ncwie O CN 


A.C. Waveforms for Color Value Write Followed by Any Read 


t WHWL1 t WHWLI t WHWL1 
ve — |__| _———7} a 
RD 
RSO IXXXXX/ XXX XXXKM VXXXXK _XX 
RS1 XXXXM PX XXX IXXXXX AXXXXX XX 
DO - D7 (“Red ) (GREEN ) (XX 


A.C. Waveforms for Color Value Read Followed by Any Write 


t WHRL3 t RHRL1 


po 


t RHRL1 


poy 


t RHWL2 


RD 
sis 10'0:010/AEEEIEY0'0.0.0./AEEIIN0.0.0'0\/EEIEN'0:0'0'0.0 GED 1 
~ 00100; Wan 2:00 ,0:0'< III 2100.0,0'4 IEEE, © 010,06 GHEEED 
DO- D7 (0) faa) ox 


A.C. Waveforms for Color Value Read Followed by Any Read 


me t WHRL3 t RHAL1 t RHRL1 t RHRL2 
RD 
RSO XXX XX V,0:0:0:0./, WAAAY X XXX XX ___XK 
RS1 XXX IX XXXX PX XKXX\ AXXXXX___XX 
D0 - D7 Cre) (oreen) xX 
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A.C. Waveforms for Color Value Read 


Followed by Pixel Address (Read Mode) Read 


Rso XX/ \XXXXY = XX XXX) XAXXXY = XXKKXXY = XXX XXXXXXXK? 


DO- D7 (RED) 


ADDRESS +2 


A.C. Waveforms for Pixel Address (Write Mode) Write and Read Back 


t WHRL3 


rss \ /XXXXX\ XX XXXXXXX 


DO - D7 ADDRESS ADDRESS 


A.C. Waveforms for Pixel Address (Read Mode) Write and Read Back 


t WHRL3 
“WR 
RO 
pso / = \KXXXXXV- \KXXXXXXXX 
rst J \XXXXX7 AKXXXXXXXX 


DO- D7 ADDRESS+1 
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A.C Waveforms for Pixel Mask Write Followed by Any Write or Read 


t WHWL1 


t WHAL1 
—— 
ot ST 
Rso XXXX\ — /XXXXXX_ EO XKKSCOX KX XNCOKXX XXX XXX 
msi XXXX/ KK XX XXX COX KOK X XY YK XXX XK OFKKK 


A.C. Waveforms for Pixel Mask or Pixel Address Read 


Followed by Any Read or Write 


t RHRL1 


t RHWL1 
RD \ 
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Ordering Information 


Speed Power 
(MHz) Supply Ordering Code Package Operation Range 
40 +10% AT76C176-40PC 28P6 Commercial 
(0°C to 70°C) 
AT76C176-40PI 28P6 Industrial 
(-40°C to 85°C) 
40 +5% AT76C176-40DMB 28D6 Military 
AT76C176-40LMB 32L (-55°C to 125°C) 
+10% AT76C176-50PC 28P6 Commercial 
(0°C to 70°C) 
AT76C176-50PI 28P6 Industrial 
(-40°C to 85°C) 
+5% AT76C176-66PC 28P6 Commercial 
(0°C to 70°C) 


Package Type 
28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28 Lead, 0.600” Wide, Plastic Dual Inline Package (PDIP) 


11-42 er 


SEEM: orem: Fo OT FOL 


Features 


Personal System/2*, 8514/A, and VGA* Compatible 

High Pixel Rates to 135 MHz 

Supports High Resolution 1280 x 1280 Pixels Color Graphics Displays 

Low Standby Current Less than 1 mA (Typical) 

Anti-Sparkle Circuitry 

Triple 6-Bit DACs Display 256K Possible Colors 

Pixel Word Mask and Composite Blank on All Three Channels 

18-Bit Wide Color Palette Stores 256 Colors 

High Reliability CMOS Technology 135 MHz 
2000 V ESD Protection Monolithic CMOS 
200 mA Latchup Immunity 

e Available in Standard 28-Pin DIP, 32-Pin LCC, and - : 
32- and 44-Pin Plastic LCC Hi-Res Video 

e Full Military, Commercial and Industrial Temperature Ranges Col or Palette 


Description 


The AT76C176A is a second generation color palette DAC which provides direct drives for 
high resolution RGB color displays with resolutions up to 1280 x 1280 pixels. The 
AT76C176A integrates three high performance six-bit video DACs (Digital-to-Analog Con- 
verters), an advanced 256 x 18 Color Palette (Color Look-up Table) and a versatile micro- 
processor interface on a monolithic substrate. 


The AT76C176A supports the RS170 video standard and graphics controllers compatible with 
the VGA and extended VGA standards. This device allows 256 colors to be displayed out of a 
total of 262,144 colors. The AT76C176A provides composite blank outputs on all three chan- 
nels. Additional advanced features include on-chip anti-sparkle circuitry and pixel mask logic 
which allows displayed colors to be modified in a single write cycle rather than by altering the 
contents of the color palette. For lap-top computers and other battery powered applications, the 
AT76C176A provides a low power standby mode of operation. 


Pin Configurations 


8 AT76C176A 


AT76C176A 35(7] P3 


Pin Name Function 


RED Analog Video Outputs 
GREEN for R,G,B Guns 
BLUE 


Ground 
(BE | 


Read Enable Input 


R 
CC 
AA 

N/C 


Write Enable Input 
RSO,RS1 Register Select Inputs 
Power-Down Input 


+5 Volts Analog Supply Input 


No Connect 


Ww 
+5 Volts Supply Input 


* Personal System/2 and VGA are registered trademarks of IBM Corporation. 
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Block Diagram 


Vere GND PCLK 
ADDRESS 
TIMING 
Po—P7 TT GENERATOR 
PALETTE 
Do—D7 
MEMORY RED 
MICRO- 
aD PROCESSOR 256 X 18 BITS GREEN 
net INTERFACE sii 
BLANK 
IREF 
PDN 


Pin Definitions 


Symbol Functional Descriptions 


Video Interface RED Analog Video Outputs. These are the outputs of the triple video DACs. The 18-bit wide 
GREEN | color palette output and the BLANK input drive the DAC inputs. 


BLUE 
Reference Current Input. 
The Reference Current sets the full scale current sourced by each DAC. 


Pixel Address Inputs. The 8-bit Pixel Address is logically AND’ed with the Pixel Mask 
value before it is used to select a stored 18-bit color value from the palette. 


Pixel (or Dot) Clock Input. The rising edge of PCLK samples the Pixel Address and 
BLANK inputs. PCLK is the system clock for the palette DAC pipeline. 


Blanking Input. A logic "0" at BLANK input overrides the current color value and forces 
the Analog Video Outputs to the zero (or Blank) level. The Color Palette can be 
updated while Blanking is active. 


Power Supply AGND _| Ground. Both AGND and GND should be connected to a solid ground plane 
GND in the system. 
Digital Supply. Nominal 5 Volts. 
VCC should be bypassed to GND with a high-frequency capacitor. 
Analog Supply. Nominal 5 Volts. 
VAA should be connected to a filtered system supply. 


Microprocessor RD Read Enable Input. RD controls the timing of microprocessor Read operations. 


Interface a = 
WR Write Enable Input. WR controls the timing of microprocessor Write operations. RD 
and WR should not be active (low) at the same time. 


Program Data I/O Ports (Bidirectional). The rising edge of WR latches Program Data 


D0-D7 | at D7-D0 into the selected internal register. The falling edge of RD enables D7-D0 as 
outputs and the rising edge of RD returns D7-D0 to a high impedance state. 

RSO, Register Select Inputs. Control the selection of internal registers. (See description on 

RS1 Internal Registers.) The falling edge of RD or WR latches in the value at RS1, RSO. 
Power-Down Input. A logic "0" at PDN input powers down the video DAC and Color 

PDN Palette circuits for low power standby mode operation. The Color Palette can still be 


read or updated if PCLK is active. PDN should be held at logic "1" for normal operation. 
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Internal Registers 


RSO_ Bits Register Name 


Pixel Address 
(Write Mode) 


Pixel Address 
(Read Mode) 


Functional Description 


The Pixel Address Register is accessed via Register Address (0,0) or 
(1,1). Reading the Pixel Address value from (0,0) is the same as 
reading from (1,1). A pixel aduress value is normally written to Pixel 
Address Register at (0,0) before one or more color values are written to 
the Color Palette. A pixel address value is normally written to Pixel 
Address Register at (1,1) before one or more color values are read from 
the Color Palette. 


18 Color Value 


The Color Value Register acts as a buffer between the 18-bit wide Color 
Palette and the 8-bit microprocessor interface. Each READ and WRITE 


at (0,1) consists of three byte transfers in the order of RED first, GREEN 
second and BLUE last. Only the LSBs D5-D0 of each byte are used, the 
two MSBs are set to "0" when a color value is read. The Pixel Address 
Register automatically increments after each 18-bit color value READ 
or WRITE operation. Each color value READ or WRITE operation 
overrides the pixel stream for one PCLK period. 


The Pixel Mask value is bitwise AND’ed with the Pixel Address value at 
P7-PO. A "1" in a position of the Pixel Mask will not change the 
corresponding bit in the Pixel Address, while a "0" sets that bit to "0". 
Pixel Address supplied via the microprocessor interface is not affected 
by the Pixel Mask. 


Pixel Mask 


Device Operation 


COLOR PALETTE: The AT76C176A provides an 18-bit wide 
by 256-word deep color palette static RAM array for storing the 
desired color intensity values. Each word is divided into three 
fields for the RED, GREEN and BLUE video DACs respec- 
tively. The eight-bit wide Pixel Address is decoded and used to 
select a particular location in the RAM array. The color value 
retrieved from that location is then used as inputs to the three 
video DACs which convert the digital color code into analog 
color intensity values. 


The AT76C176A achieves low power, high speed operation by 
using an advanced pipelined palette DAC architecture. Delay 


Video Pipeline Timing Diagram 


from Pixel Address to color intensity value out is three PCLK 
periods. 

MPU INTERFACE: The AT76C176A provides a standard mi- 
croprocessor interface which allows the host display controller 
to access the Color Palette RAM and all internal registers of the 
AT76C176A. MPU READ and WRITE operations are inter- 
nally synchronized with the video pipeline and therefore can 
take place asynchronously from the normal pixel mapping oper- 
ation. An on-chip address counter allows the MPU to READ or 
WRITE the Color Palette in a Block Mode. 


po-p7 XAXX XXBXX KXCKX AXOKA MAEAK AEA AMEX MAHA AEA AX AK 

BLANK 7 \XX/ \XX7 \KX\ XX ZX VX VX WX XX KX XX 
neo KXXXXXXX XXXL EW Ng ee EN 

oncen KXXKKXXKKXXLL ED ae 
sue KEXXXXXXE XXXL go eae ep 
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COLOR PALETTE READ AND WRITE: Four MPU opera- 
tions are required to write (i.e. store a Color Value) to a specific 
location in the Color Palette RAM. The desired RAM address is 
first written into the internal Pixel Address register by executing 
a WRITE operation at register address (0,0). A new Color Value 
is next written into the internal Color Value register at register 
address (0,1) by three consecutive WRITE operations, with the 
RED color first, GREEN second and BLUE last. Only LSBs 
DS5-D0 of each byte transferred are used. The new Color Value 
is then automatically written into the designated address in the 
Color Palette RAM. 


Similarly, four MPU operations are required to read a Color 
Value from a specific location in the Color Palette RAM. The 
RAM address is written into the internal Pixel Address register 
by executing a WRITE operation at register address (1,1). The 
Color Value stored in that particular RAM location is automati- 
cally transferred to the internal Color Value Register. Three 
consecutive READ operations are then required to read the re- 
trieved Color Value in three bytes, with the RED color first, 
GREEN second and BLUE last. Only the last six LSBs D5-DO 
contain valid data, the two MSBs are set to "0". 


BLOCK READ AND WRITE MODE: The on-chip Pixel Ad- 
dress Register automatically increments by one after each com- 
plete Color Value READ or WRITE operation. This useful fea- 
ture allows an entire block of the Color Palette RAM to be ac- 
cessed by simply writing the starting address into the Pixel Ad- 
dress register at the appropriate register address. Subsequent 
READ or WRITE operations require only three-byte transfers at 
D7-D0. 


ANTI-SPARKLE CIRCUITRY: The outputs of the Color Pal- 
ette RAM drive the inputs of the video DACs via an 18-bit anti- 
sparkle register. Whenever a Read or Write is performed on the 
Color Palette through the MPU interface, the anti-sparkle regis- 
ter substitutes the latest pixel Color Value with the previous 
pixel Color value. Since the Color Value may be corrupted 
when the Color Palette is accessed during active display, this 
feature minimizes and often eliminates any visible sparkles on 
the video display. The anti-sparkle circuitry makes unrestricted 
access to the Color Palette RAM viable. 


TRIPLE VIDEO DAC: Each of the three video DACs on the 
AT76C176A consists of an array of current sources tied to a 
common output. The current sources use an advanced current 
steering scheme to minimize glitch energy. The number of cur- 
rent sources in each DAC steered to the output during any 
PCLK period equals the value represented by the Color Value 
selected from the Color Palette. The rest of the current sources 
are steered to ground. 


The input Reference Current (IREF) determines the current in 
each current source. Each DAC is designed to produce 0.7-volt 
peak white level when driving a doubly terminated 75-ohm load 
with IREF = -8.88 mA. The relationship between the peak 
white level and IREF is given by the equation: 


VPeak White = 2.1 x IREF x RL oad 
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BLANKING: The AT76C176A supports composite blanking 
at all three RED, GREEN and BLUE video outputs. The 
BLANK input is latched on the rising edge of PCLK and affects 
the analog video outputs after three PCLK periods. An internal 
pipelined delay circuit is used to synchronize the BLANK input 
with the normal pixel pipeline. A logic "0" at BLANK input 
overrides the current color value and forces the analog video 
Outputs to the zero (or Blank) level. The BLANK circuit has no 
effect on the MPU interface and the Color Palette remains ac- 
cessible via READ and WRITE. 


PIXEL MASK: The AT76C176A features an advanced on-chip 
Pixel Mask which is very useful for cursor control, flashing ob- 
jects, and animation. The Pixel Mask value stored in internal 
register (1,0) is bitwise AND’ed with the input Pixel Address 
value at P7-PO to form the actual RAM address for the Color 
Palette. A'"1" in a position of the Pixel Mask will not change the 
corresponding bit in the Pixel Address, while a "0" sets that bit 
to "0". Pixel Addresses supplied via the MPU interface are not 
affected by the Pixel Mask. 


POWER-DOWN MODE: In PLCC packages, the AT76C 176A 
provides an on-chip power-down feature for use in lap-top com- 
puters and other battery-powered applications. During normal 
operation, pin PDN should be held as logic "1." A logic "0" at 
PDN powers down the video DAC and Color Palette circuits. 


Absolute Maximum Ratings* 


-55°C to 125°C 
-65°C to 150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 
Respect to Ground 


-2.0 V to 7.0 Vv") 


POWGE TSS IGAON icra nscaiamonsiza wixeinanesasnanneeiesies 1.5 W 
Reference Current 

Analog Output Current 

DC Digital Output Current 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 

1. Minimum voltage is -0.6 V DC which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is VCC+0.75 V DC which may overshoot to 7.0 V for pulses 
of less than 20 ns. 
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Sample Connection for Typical Application 


FROM 
CPU 


VIDEO 
PROCESSOR 


VCC 


AGND/GND 


RGB 
MONITOR 


*RO = 75 OHMS 
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System Implementation Considerations 


POWER SUPPLY DECOUPLING AND GROUNDING: To 
obtain the cleanest possible analog outputs from the 
AT76C176A, digital noise coupling into the analog signal paths 
needs to be minimized. The video data paths, power supply lines 
and ground planes on the circuit board should be laid out care- 
fully to reduce noise coupling. As illustrated in the diagram 
above (Sample Connection for Typical Application), a separate 
VAA line decoupled to AGND with an electrolytic capacitor in 
parallel with a smaller ceramic chip capacitor should be used for 
the analog circuits on the AT76C176A. Similarly, a separate an- 
alog ground return, AGND, which is connected to the lowest 
impedance point in the system ground plane, should be used. 


For best results, four-layer PC boards with separate ground and 
power supply planes are recommended. The AGND plane 
should be laid out as an island or tub underneath the 
AT76C176A. All video frequency signal traces should be kept 
as short as possible to minimize radiation and all decoupling 
capacitors should be placed as close to the AT76C176A as the 
layout rules permit. 


Noise and transients on the power and ground lines can be cou- 
pled or aliased into the video circuits by the switching action of 
the AT76C176A. For applications at 66 MHz and above, it may 
be necessary to isolate both VAA and AGND from the system 
supplies with inductors of appropriate values. 

CURRENT REFERENCE: The maximum full scale output of 
the video DACs is determined by the reference current supplied 
externally at pin IREF. An adjustable current source such as the 
LM334 is recommended to set the reference current at 8.88 mA 
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for a full scale output of 0.7 volt when driving a 37.5-ohm load. 
The video DACs employ current sources which are referenced 
to the positive supply voltage. A high quality 0.1-uF chip capac- 
itor may be required to decouple IREF to VAA or VCC. 
VIDEO INTERFACE: The RED, GREEN and BLUE video 
Outputs are designed to drive doubly terminated 75-ohm lines. 
To minimize ringing due to impedance mismatch, 75-ohm + 1% 
thin film resistors should be placed close to the AT76C176A on 
the PC board. 


To comply with FCC RF emission regulations, ferrite beads can 
be inserted at the video outputs to limit the amount of high fre- 
quency emission. The AT76C176A is designed to produce very 
little high frequency digital feedthrough. 


SYSTEM TIMING: | The pixel clock, PCLK, controls the tim- 
ing of the Color Palette and the Video DACs. To obtain the 
highest quality display possible with the AT76C176A, Setup 
and Hold time requirements with respect to PCLK should be 
strictly adhered to. The duty cycle limits of PCLK should also 
be met over the entire display. 


DIGITAL INTERFACE: When the high impedance digital in- 
puts of the CMOS AT76C176A are driven by low impedance 
sources, considerable ringing can occur, which may degrade 
high video rate operation. Impedance matching resistors of the 
order of 50 ohms can be inserted in series at the inputs to the 
Pixel Address and Blanking inputs to reduce ringing. This also 
minimizes the amount of high frequency emission due to exces- 
sively high slew rates at the video data inputs. 
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D.C. and A.C. Operating Range 


AT76C176A-13 AT76C176A-66 VCC/VAA 
AT76C176A-11 AT76C176A-80 AT76C176A-50 Power Supplies 


Com. 0°C-70°C 5V+ 5% 

Operating Temperature 0°C-70°C 0°C-70°C 5V+10% 

ana Geae8) -40°C-85°C  -40°C- 85°C 5 V+ 10% 
-55° C -125°C 


D.C. Characteristics 


50 66 80 110 135 
All MHz MHz MHz MHz MHz 
Symbol Parameter Conditions Min Max Max Max Max Max Units 


Input Load Current idea or » 


Output Leakage Vout = -0.1 V to 
Current Voc + 0.1 V 


Power Supply lO = 21 mA, PDN = Vin 
Current Digital Outputs Open 
PDN = VIL 


Standby Supply UI ; 
Current cas 2 


Current Sourced sai 
by Pin PDN desi 
Reference Current 


Input Low Voltage -0.5 0.8 0.8 0.8 0.8 0.8 

Input High Voltage 2.0 Vcec+0.5 Vcec+0.5 Vect+0.5 Vect+0.5 Vcc+0.5 V 

Output Low Voltage !O=5 mA 0.4 0.4 0.4 0.4 0.4 V 
2.4 V 


Vcc Vcc Vcc Vcc V 


50 66 80 110 135 
All All MHz MHz MHz MHz MHz 
Conditions Min Typ Max Max Max Max Max Units 


ILE Integral Linearity Error NoteA 


COR DAC to DAC Correlation Note B 
Full Scale Error Note C 
DVT Glitch Enezgy Notes D, E 
HO Output Current VO<1V 
Output Voltage lO<21 mA 


Rise Time 


(10% to 90%) poles 
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Video Timing Characteristics 


= 5020 66—i(atiéiti‘i‘zCS 
All MHz MHz MHz MHz MHz 
Parameter Conditions Max Min Min Min Min Min Units 
4 3 
2 
5 


Ojo; an 


BLANK Setup Time 25 ns 


BLANK Hold Time 4 2 sons 


Video Timing Waveforms Diagram 
t 


— i \" \ | m\ \ 
t pvcH ane tcHPx 
po-p7 KEXXXKEAAAK SAXAX HAMA XA 


t BVCH +t toHex 
aank \ AXXW | KAY XAXY XXAY XA 


AiWBIiWD W/o; a);n 


Or} @ | @ 


CHAV 


RED —A 


_ 
GREEN —— i 
aad 
ees 


BLUE —~A 
C 
B = BLANK BLANK ——“ 
Input Test Waveforms Digital Input/Output Load 
3.0V = 1.4V 
AC ~ AC 
DRIVING MEASUREMENT sali 
LEVELS S oy og LEVEL ‘ 
CL = 50pF INCLUDING 
JIG CAPACITANCE 
Notes: 1. tr, tp <3 ns (10% to 90%). 


2. Input timing reference is at 1.5 V. 


11-49 


MPU Interface Timing Characteristics 


66/50 80 110 135 
All MHz MHz MHz MHz 
Symbol Parameter Conditions Max Min Min Min Min Units 


i 10 10 10 10 ns 
10 S) 


Register Select Setup Time READ Operations 


Register Select Hold Time | WRITE Operations 


10 10 10 n 
Register Select Hold Time | READ Operations 10 10 10 10 ns 
tDVWH Write Data Setup Time 10 10 10 10 ns 


Write Data Hold Time 10 10 10 10 ns 
20 ns 
4t At 4t Ss 


taHoz | Output Turn-off Delay Note | 


Successive Write Interval t = PCLK Period 47+5 n 


eh a by Read t = PCLK Period At At At 47+5 ns 


Successive Read Interval t = PCLK Period 4t 4t 4t 47+5 ns 


oe by Write = = PCLK Period At At 4t 4145 ns 


Write After Color Write < = PCLK Period At At 4t 41 +5 ns 

Read After Color Write t = PCLK Period At At At 41+5 ns 

Read After Color Read t = PCLK Period 7 Tt 47+5 ns 
7 


t st 
Write After Color Read < = PCLK Period 7t 7T t 47+5 ns 
3 ft 


fide After Read Address t= PCLK Period 5 


Tt 41+5 ns 


Notes 

Note A: Measured from best fit line through DAC transfer Note F: Measured from a 2% change in the DAC output 
curve. voltage to within 2% of the final value. 

Note B: Measured from the mid point of the distribution of the Note G: Measured between the 50% point of the rising edge of 
three DAC transfer curves. PCLK and at the analog output halfway between suc- 

VO-2.1xIREFxR Load cessive output values. 

naa ake 2.1xIREFXRLoad Whe Note H: Measured between different analog outputs on the same 

NoteD: —Zroad = 37.5 ohm + 30 pF, IREF = -8.88 mA device. 

Note E: | This parameter is sampled and not 100% tested. Note I: Measured at +200 mV from steady state output values. 
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Write Operations Waveforms 


KH pay scnfeonce 


t DVWH t WHDX 


00-07 XXXXXKKXXKKKXKKK _ 1 NOOK 


WR 


RSO - RS1 


Read Operations Waveforms 


a 


ein RE HD ACAcececececacacaca arexecexexecacacey 


DO - D7 


A.C. Waveforms for Color Value Write Followed by Any Write 


t WHWL1 t WHWL1 t WHWL1 t WHWL2 


RSO XXKXM \AXAKXX/ \AXAXX/ XXXXKK _ XX 


Bot /XXKKX\ XXKXXN\ XXXXMA AXXXKK__XX 
piled RED (XX 
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A.C. Waveforms for Color Value Write Followed by Any Read 


t WHWL1 t WHWL1 t WHWL1 
ae opuenonel eens, amecanensdiee ee 
t WHRL2 
RD 
RSO IX XXX XXX XXX VK XXXXX __ XX 
RS1 XXXXX XXXXX IXXXXX AXXXXX XX 
DO - D7 (RED) ( GREEN ) XX 
A.C. Waveforms for Color Value Read Followed by Any Write 
WR t WHRL3 t RHRL1 t RHRL1 t RHWL2 
RD 
RSO XXX XXXX XXX XXXXXK __XX 


RS1 \AX XXX PX XXXX\ IXXXXX AXXXXX___ XX 
DO - D7 (RED) (GREEN ) XX 


A.C. Waveforms for Color Value Read Followed by Any Read 


mp t WHRL3 t RHRL1 t RHRL1 t RHRL2 
RD 
RSO AA XA X/ 1V,0:0:0:0:7, \AX XX X/ XXAXAXX _XX 
RS1 V.00:0.04' IX XKXX PX XXX AXXXXX__ XX 
DO - D7 (RED) 0:0; 
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A.C. Waveforms for Color Value Read 


Followed by Pixel Address (Read Mode) Read 


Rso XX/ XXXXXY = XKXX XY XAXKKY = XXX KKXX UXXXXXXXXX) 


RS \AXXXXXXXX) 
DO- D7 


A.C. Waveforms for Pixel Address (Write Mode) Write and Read Back 


t WHRL3 


ass \ /XXXXX\_ /XXXXXXXXX 
DO - D7 ADDRESS ADDRESS 


A.C. Waveforms for Pixel Address (Read Mode) Write and Read Back 


t WHRL3 


rso / = \KXXXXV KX XXXXXXX 
rst J \XXXXXZ XX XXXXXXX 


DO- D7 
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A.C Waveforms for Pixel Mask Write Followed by Any Write or Read 


t WHWL1 t WHAL1 
WR 


I 


nso XXXX\ Ss /XXXXXX XXX XXXXN XX XXXX XXX 


rst XXXX/- 0 \KXXXXX XXX XXXXZ XXX XXX XXX 


A.C. Waveforms for Pixel Mask or Pixel Address Read 


Followed by Any Read or Write 


WR 


t RHRL1 t RHWL1 
RD \ 
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Ordering Information 


Speed Power 
(MHz) Supply Ordering Code Package Operation Range 


+10% AT76C176A-50PC 28P6 
AT76C176A1-50JC 32J 
AT76C176A2-50JC 44J 
AT76C176A-50PI 28P6 
AT76C176A1-50ul 32J 
AT76C176A2-50ul 44J 


+5% AT76C176A-50DMB 28D6 
AT76C176A-50LMB 32L 
+ AT76C176A-66PC 28P6 


AT76C176A1-66JC 32J 
AT76C176A2-66JC 44J 


AT76C176A-66PI 28P6 
AT76C176A1-66Jl 32J 
AT76C176A2-66JI 44J 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


AT76C176A-80PC 28P6 
AT76C176A1-80J3C 32J 
AT76C176A2-80JC 44J 


AT76C176A-80PI 28P6 
AT76C176A1-80JI 32J 
AT76C176A2-80JI 44J 


AT76C176A-11PC 28P6 
AT76C176A1-11JC 32J 
AT76C176A2-11JC 44J 


Commercial 
(0°C to 70°C) 


industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


Package Type 


28D6 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


| 443 | 44 Lead, Plastic J-Leaded Chip Carrier (PLCC) | 


32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


ATMEL 1158 


AIMEL 


11-56 


2 Enna emumemmemucmmmemcne cas 2) FOC IO/E 


Interfacing the AT76C10/E 
toa Microcontroller 


Introduction 

The AT76C10/E is a programmable gain 
amplifier integrated with a programmable 
telephone line group delay equalizer on a 
single chip. Its serial interface enables it to 
be packaged in an economical and space- 
saving 16-pin DIP. The AT76C10/E is espe- 
cially suited for modems and data communi- 
cations equipment where it can compensate 
for line gain variations and group delay dis- 
tortions. In the E7PROM version of the chip, 
the AT76C10E, a particular gain or delay 
configuration can be stored in the device’s 
nonvolatile memory and recalled later by 
the user. 


The programmable gain and group delay re- 
sponses are controlled and configured by a 
serial seven-bit configuration code. The pur- 
pose of this application note is to illustrate 
how this serial configuration can be accom- 
plished in a microcomputer environment, 
more specifically, utilizing a micro- 
controller (the Intel 8031 AH) to interface to 
the AT76C10/E. Such an interface enables 
the gain and delay responses to be changed 
or updated in real-time (for the AT76C10) 
as well as saved into the E7PROM (for the 
AT76C10E). 


As shown in Figure 1, the Intel 8031AH, an 
eight-bit latch, a transmission line receiver, 
and external memory form a complete and 
versatile system to generate control and data 
bits for the AT76C10/E. An RS-232C cable 
can connect this system to the serial port of 
a microcomputer (e.g. IBM PC) or TTY ter- 
minal. The serial port transmits data to the 
microcontroller, which, under software con- 
trol, outputs them as serial bits to the 
AT76C10/E for controlling the gain and 
delay outputs as desired by the user. As will 
be explained, an evaluation board im- 
plementing the system just described has 


been developed by Atmel Corporation fol- 
lowing the guidelines in this application 
note. 


The Hardware 

The 8031AH has four eight-bit I/O ports: 
PO, P1, P2, and P3. Ports PO and P2, how- 
ever, are used for external memory address- 
ing when external memory is present (as is 
the case here) and are thus unavailable as 
general-purpose I/O ports. This leaves all of 
the eight bits of port P1 and five bits of port 
P3 available for I/O. P1.0, P1.1, and P1.2, 
are used to produce respectively, via soft- 
ware instructions, the signals CS, WE, and 
DIN necessary to program the AT76C10/E. 


The eight-bit latch acts as the low-order ad- 
dress latch/data buffer for the signals be- 
tween the PO I/O port of the microcontroller 
and the external memory. The line receiver 
enables the microcontroller to receive data 
signals from the microcomputer or TTY ter- 
minal via the RS-232C link. 


External memory consists of the 
AT27C256R EPROM, which houses the 
system software. This firmware directs the 
microcontroller to send out the necessary 
timing and data signals to configure the 
AT76C10/E. If additions or changes need to 
be made to the firmware code the 
AT27C256R can be easily erased via ultra- 
violet (UV) light and reprogrammed. 


The Software 

The software programs the 8031AH to gen- 
erate the correct timing waveforms and to 
strobe desired data bit patterns into the 
AT76C10/E. This is achieved as illustrated 
by the programming flowchart in Figure 2. 


First the serial port data register and timer 1 
need to be initialized with proper values de- 
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Figure 1. Microcontroller Interface to the AT76C10/E 
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N.O. 
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The Software (Continued) 

pending on desired transmission parameters and baud rate. A 
9600-baud data transmission rate has been used in this applica- 
tion. As soon as the accumulator receives acharacter from the 
keyboard the data is sent out bit-by-bit (LSB first) as data bits 
through the carry flag to the serial data input pin of the 
AT76C10/E. Appropriate delays and specific bit-manipulating 
instructions then control and synchronize the transitions of CS 
and WE with the data bits so that the writing waveforms con- 
form to timing specifications defined in the device data sheet. 
Seven rising edges of WE strobe in a complete data word in a 
single write cycle. 


The complete programming code is given in Figure 3. It directly 
implements the flowchart in Figure 2. 


Figure 2. 8031 Programming Algorithm 


INITIALIZE THE 
SERIAL PORT DATA 


REGISTER AND THE 
TIMER(S) 


WAIT FOR RECEPTION 
OF A BYTE 


COPY THE RECEIVED 
DATA BITS TO THE 
ACCUMULATOR 


MOVE THE CARRY FLAG 
BIT TO OUTPUT BIT 
P1.2 (DATA BIT) 


SET ALL THE BITS 
OF OUTPUT PORT P1 


COMPLEMENT OUTPUT 
BIT P1.0 (CS) 


ROTATE THE LSB BIT 
OF THE ACCUMULATOR 
INTO THE CARRY FLAG (C) 


COMPLEMENT OUTPUT 
BIT P1.1 (WE) 


ADD APPROPRIATE DELAY 
FOR THE DATA BIT 
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Using The AT76C10/E Evaluation Board 

As previously mentioned, an evaluation board integrating the 
hardware and software subsystems covered in this application 
note is available from Atmel Corporation. This board includes 
a 5.25" disk (IBM-PC format) with gain/delay programming 
menus and is designed to enable the user to quickly and easily 
evaluate the functionality and performance of the AT76C10/E 
through a standard serial interface to an IBM PC or compatible 
computer. Through the board one can cycle through all the in- 
dividual gain/delay steps in each of the two amplifiers and the 
group delay equalizer. 


COMPLEMENT OUTPUT 
BIT P1.1 (WE) 


HAS P1.1 (WE) 
BEEN TOGGLED 
14 TIMES ? 


NO 


YES 


ADD DELAY FOR THE 
CS HOLD TIME 
COMPLEMENT OUTPUT 

BIT P1.0 (CS) 
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Figure 3. Program Code for AT76C10/E 


p RK RR KK RK KK KK KKK KKK KKK KKK KKK KKK KK KKK KKK KK KEK KK KKKKKKKKKEKKKKEKK KKK 


8031 program for the AT76C10/E 
Evaluation Board 


Written by: Ta Wei (David) Lee 


; (C) 1988 ATMEL Corporation 
pK KK IK KK KK KK KKK KKK KK KKK KKK KK KKK KKK KK KKK KKK KK KKK KKKEKKKKK KKK KKK 


; 8031 control program for programming the AT76C10/E 


* 
* 
* 
* 
* 
* 


; Constant Definitions: 


ST EQU OFFH 
RST EQU OOH 
DONE EQU 14 ; 14 edges (falling and rising) for WEB 
UARTMODE EQU 01010000B ; Set UART for: start, 8 data bits, stop 
TMODLOAD EQU 00100001B ; Initialization word for the TMOD register 
PCON EQU 87H ; Power Control Register 
RELOAD EQU ~3 ; Reload rate for 9600 baud 
DATADLY EQU 3H ; Delay for a valid data bit 
CSBHDLY EQU 4H ; Delay for CSB hold time 
CSBIDLE EQU 2 ; Delay before starting another CSB cycle 
WEBIDLE EQU Hi ; Delay before starting another WEB cycle 
; Start of the program: 
START: ORG OOH 

LJMP BEGIN 
; Initialize the serial port data register for 8-bit UART mode: 
BEGIN: ORG 100H ; Start of the code 

MOV P3,#ST ; Set the entire P3 I/O register 

MOV PCON, #RST ; No double baud rate wanted ! 

MOV SCON, #1UARTMODE ; Initialize the register 


; Initialize timer 1 for an auto-reload rate of 32x9600 Hz. 
; (TO is used as a cascaded 16-bit counter.) 


MOV TMOD, #TMODLOAD ; Initialize the TMOD register 
MOV TH1, #RELOAD ; Load the reload rate 
SETB TR1 ; Turn Timer 1 ON 
; Receive a character (byte) from the serial port: 
RECEIVE: JNB RI,$ ; Wait for a character 
CLR RI 
MOV A, SBUF ; Copy the byte to the accumulator 


; Start the programming sequence: 
; First ¢eycle: 


MOV R1, #RST ; Reset the WEB counter 

MOV P1,#ST ; Set all bits of output port 1 

CPL P1.0 ; Toggle CSB low 

AJMP CONTINUE 
MORE: MOV R2, #WEBIDLE ; Delay to generate the proper WEB high time 
AGAIN1: NOP 

DJNZ R2, AGAIN1 
CONTINUE: RRC A Rotate the LSB bit of the accumulator 


into the carry flag 


MOV Pi«eee ; Output one data bit 

CPL Pid ; Toggle WEB 

INC Rl ; Increment the WEB counter 
; Add delay for a data bit to stabilize: 

MOV RO, #DATADLY ; Load the delay into the counter 

DJNZ RO,$ ; If not done yet, wait some more... 
; Continue the data bit strobe cycle: 

CPL Pa wd ; Toggle WEB 

INC Rl ; Increment the WEB counter 

CJNE R1,#DONE,MORE ; Have 7 data bits been strobed in ? 
; Add delay for the CSB hold time: 

MOV RO, #CSBHDLY ; Load the delay for TCH 

DJINZ RO,$ ; Delay finished ? 


Pe 
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A/D Conversion Using the AT76C120 


How the AT76C120 Works 

The AT76C120 simultaneously samples and 
holds both analog inputs, ADIN1 (Channel- 
1) and ADIN2 (Channel-2), once every 
CONV period. The AT76C120 then per- 
forms an A/D conversion of both samples 
and returns the two resulting 16-bit or 18-bit 
2’s complement codes at the serial data out- 
put pin DOUT during the following CONV 
clock period. 


Selecting Which Channel’s 


Data Comes Out First 

Channel-1 output data will be returned first, 
during CONV “low” (and Channel-2 data 
will be returned second, during CONV 
“high”) when a logic “1” is present at the 
input SEL1. Conversely, a logic “O” at the 
input SEL] will cause Channel-2 data to be 
returned first, during CONV “low” (and 
CHANNEL-1 data to be returned second, 
during CONV “high”). 


Required Clocking for the 
AT76C120 

The AT76C120 requires two clocks, SCLK 
and CONV, for proper operation: 


¢ SCLK is the system clock and can have a 
maximum frequency of 6.144 MHz. It 
takes 64 SCLK cycles for the AT76C 120 
to perform one A/D conversion, and 64 
more SCLK cycles for the digital data to 
be output (while a new sample is being 
converted). 


¢ CONV is the convert clock, and its pe- 
riod corresponds to one A/D conversion. 
It should equal 64 SCLK cycles. Nor- 
mally, CONV is derived from SCLK 
using a negative-edge triggered divide- 
by-64 counter, and both SCLK and 
CONV run continuously. In this mode, 
the AT76C120 will be sampling contin- 
uously at frequencies up to 96 kHz. 
Since CONV initiates conversions, how- 
ever, itis possible to use CONV as a trig- 
ger for one-shot sampling. 


Using the AT76C120 A/D 


Converter in One-Shot Mode 
The AT76C120 can be used in a single-shot 
mode for acquiring data. To get one sample 
from each of the two channels, you need one 
conversion cycle to sample and convert the 
ADIN] and ADIN2 inputs, and another con- 
version cycle to clock out both Channel 1 
and Channel 2 digital codes. A total of two 
CONV periods and 128 SCLK cycles are re- 
quired. 


To use the AT76C120 in single-channel sin- 
gle-shot mode, you need one conversion 
cycle to sample and convert the ADIN1 or 
ADIN2 inputs, and another half cycle to 
clock out the Channel 1 or Channel 2 digital 
code. Only 1.5 CONV periods, and 96 
SCLK periods are required. 


One-shot sampling can be implemented by 
holding CONV low until a sample is desired. 
Note that while waiting to sample, SCLK 
can be either running or stopped. When a 
sample is desired, both SCLK and CONV 
are brought high, initiating a sample-and- 
hold of the analog inputs. SCLK should be 
clocked 32 times, at which point CONV is 
brought low. SCLK should then be clocked 
32 more times, completing the first conver- 
sion cycle. CONV should then be brought 
high, and SCLK should be clocked 32 times, 
shifting out the first channel’s digital code. 
For single-channel sampling, this would be 
the end and CONV should once again be 
brought low until a new sample is desired, 
and the process is repeated. For dual-chan- 
nel sampling, CONV should be brought low, 
and SCLK should be clocked 32 more times, 
shifting out the second channel’s digital 
code, and completing the second conversion 
cycle. CONV should be held low until a new 
sample is desired, at which time the process 
repeats. 
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Analog Interface 

Due to the high sampling rate of the AT76C120, little if any 
anti-alias filtering is required for most industrial applications. 
For high performance Digital Audio applications, external 
Anti-Alias Lowpass or Bandpass Filters, shown as AAFs in the 
Sample Connection Diagram (Figure 1), should be used to elim- 
inate signals outside the desired passband. Low noise op amps 
with low output impedance such as the OP27 should also be 
used to supply the analog inputs. 


Digital Interface 

The AT76C120 uses a single multiplexed serial data output pin, 
DOUT. CH-1 and CH-2 data bits are synchronized with SCLK, 
and are available during either the "high" or the "low" period of 
CONV. CONV, if equal to SCLK divided by 64, makes a tran- 
sition from “high” to “low” or vice versa after the LSB is shifted 
out of DOUT. This allows the serial data to be latched easily 
into most popular D/A converters or digital signal processors by 
using CONV rising or falling edges. For applications with an 
8-bit, 16-bit, or 32-bit host microprocessor, 16- or 18-bit wide 
parallel data may be desired, and serial-to-parallel conversion 
will be needed. In such cases, SCLK can be used to shift in the 
serial data from DOUT, and CONV can be used as a latch to 
output the parallel data. 


More on Converting the Output Data from 
Serial to Parallel 

It may be desirable to convert the AT76C120’s serial data to 
parallel data. This may be achieved using 18 shift registers and 
18 output latches, or several serial-to-parallel converters. Addi- 
tionally, there may be a need to provide control signals to inter- 
face the parallel data with a microcontroller. 


An easy way to integrate the entire serial-to-parallel conver- 
sion, complete with control signals for interface, is to use an 
Atmel ATV2500H Erasable Programmable Logic Device 
(EPLD). This device has the necessary I/O pins, logic terms, 
and registers to easily and conveniently interface the 
AT76C120 with most microcontrollers and DSP devices. 


The ATV2500H is capable of latching in all 16/18 data bits that 
have been output serially from the AT76C120. All 16/18 bits 
can be presented in parallel on ATV2500H’s output pins. Addi- 
tionally, the ATV2500H can transfer this same data in eight-bit 
bytes, complete with handshaking, to a host device. 


Power Supply Decoupling and Grounding 

To obtain the highest performance possible with the 
AT76C120, critical signal paths, power supply lines, and 
ground planes on the circuit board should be laid out carefully 
to minimize noise coupling or aliasing into sensitive analog 
paths. As illustrated in the diagram showing a Sample Connec- 


tion for Typical Applications (Figure 1), a separate AVCC line 
decoupled to AGND with a tantalum capacitor in parallel with 
a smaller ceramic chip capacitor should be used for the analog 
circuits on the AT76C120. Similarly, a separate analog ground 
return, AGND, which is connected to the most quiet point in the 
system ground plane, should be used. 


For best results, four layer PC boards with separate ground and 
power supply planes are recommended. The AGND plane 
should be laid out as an island or tub underneath pins 1 to 6 and 
pins 19 to 24. 


High frequency noise on the power and ground lines can be 
aliased into the passband by the sampling action of the 
AT76C120. If a switching power supply has to be used, both 
AVCC and AGND need to be isolated from the system supplies 
with inductors of appropriate values. 


Evaluating the AT76C120 with the Atmel 


AT76C120 Demonstration Board 

The AT76C120 dual-channel 16/18-bit A/D converter may be 
evaluated using the Atmel AT76C120 evaluation board (see 
Figure 2). This board can perform analog input signal condi- 
tioning, timing waveform generation, and serial-to-parallel data 
conversion. Evaluation requires a low-ripple, low-noise power 
supply, a low-distortion signal source, aclock source, and a dig- 
ital signal processor. 


The AT76C120 evaluation board requires a +15-volt and -15- 
volt analog power supply, and a +5-volt digital power supply. 
Voltage reference circuitry has already been included on the 
board. The user may build filters and buffers for the analog in- 
puts in the analog patch area provided. The required clocking 
for the system may be generated using the SCLK BNC, or by 
inserting a clock oscillator in the socket provided. An Atmel 
ATV750 EPLD programmed as a divide-by-64 counter gener- 
ates the convert clock CONV. An Atmel ATV2500 EPLD pro- 
grammed as a serial-to-parallel converter places the 18-bit dig- 
ital output codes from the AT76C120 at the pins of a 25-by-2 
header. Because the AT V2500 is programmable, the digital in- 
terface may be modified by the user to meet specific interfacing 
needs, including the ability to program in control and hand- 
shake signals to facilitate data transfer to a host processor. 


Dynamic evaluation of the AT76C120 is one application for the 
AT76C120 evaluation board. After building the appropriate fil- 
ters in the analog patch areas, a spectrally pure sinusoid may be 
applied to the analog inputs of the AT76C120. Consecutive 
data samples may be collected as they appear at the header, and 
FFT may be performed to produce spectral information on the 
converter, such as signal-to-noise and signal-to-distortion 
ratios. 
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Figure 1. Sample Connection for Typical Application 
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AT76C176A Color Palette DAC 


The Atmel family of six-bit video color pal- 
ette (color look-up table) devices include the 
AT76C176A (28-pin), the AT76C176A1 
(32-pin), and the AT76C176A2 (44-pin). 
They are designed for the IBM VGA 
8514/A, XGA graphics standards and be- 
yond. The VGA standard is already well 
supported by the software industry, but there 
are significant applications developing be- 
yond standard VGA requiring higher resolu- 
tions. The Atmel devices can meet this 
emerging need. This application note will 
explore features of this family’s members 
which can be fully utilized by graphics hard- 
ware designers and systems designers for 
implementing high-performance graphics 
solutions. It will also examine some design- 
related issues concerning such _ im- 
plementations. 


SPEED: The AT76C176A/A1/A2 are 
available in these different speeds: 50 MHz, 
66 MHz, 80 MHz, 110 MHz and 135 MHz. 
The speed refers to the maximum pixel clock 
frequency at which the device can be driven. 
Basically, the higher this frequency the 
greater the number of pixels that can be dis- 
played on a CRT (cathode-ray tube) screen 
for bit-mapped graphics. 


The equation used to calculate the color pal- 
ette pixel clock rate required for a particular 
range of display resolution is as follows: 


PCLK = 1.35 (HORIZONTAL RESOLUTION X 
VERTICAL RESOLUTION X VERTICAL SCAN 
RATE) 


The horizontal resolution means the hori- 
zontal number of pixels and the vertical res- 
olution means the vertical number of pixels. 
The vertical scan rate term refers to the ver- 
tical video scanning frequency of CRT mon- 
itors, which can vary between 43 Hz and 72 
Hz but is typically 60 Hz, while the 35% fac- 
tor refers to the portion of each frame time 
taken up by the horizontal and vertical re- 
trace. For interlaced displays the vertical 
scanning rate becomes 43 Hz instead of 60 
Hz. This means the screen image would be 
refreshed 43 times a second. 


For example, if a non-interlaced resolution 
of 1024 x 768 refreshed at 60 Hz is desired, 
the required pixel clock rate would be: 


PCLK = 1.35 (1024 x 768 x 60) 
= 63.7 MHz 


To appreciate the magnitude of these fre- 
quencies, one must look at the graphical ap- 
plications which these devices are capable of 
displaying. Standard VGA specifies resolu- 
tion modes such as 320 x 200 pixels with 
256 possible simultaneous colors and 640 x 
480 pixels with 16 colors, whereas presently 
available Super-VGA (and VESA or Video 
Electronics Standards Association) specifi- 
cations call for a standard resolution of 800 
x 600 in 16 or 256 simultaneous colors. 
These colors are normally available from a 
total palette of 262,144 colors. 


50 MHz: At this speed the color look-up 
table device can drive RGB monitors up to a 
maximum of 1024 x 768 pixels, 256 colors, 
in interlaced mode. At the time of this writ- 
ing this is the typical maximum resolution 
displayable by some of the best selling 
Super-VGA and multisync-type monitors. 
At this device speed virtually all the require- 
ments called for by the VGA and Super- 
VGA specifications can be met. 


66 MHz: At this frequency the color palette 
can drive display monitors up to 1024 x 768 
pixels, 256 colors, in non-interlaced mode. 
A non-interlaced monitor costs more than an 
interlaced monitor capable of the same reso- 
lution, but it can be more pleasing to the eye, 
since the screen “flicker” associated with 
interlaced monitors is eliminated. The 
“flashing” phenomenon present in interlaced 
monitors is due to the fact that only alternate 
scan lines are updated during every frame 
(vertical refresh), rather than every single 
scan line. 


80 MHz: At this speed the top displayable 
resolution reaches 1024 x 960 pixels, 256 
colors, in non-interlaced mode with a 60-Hz 
refresh rate, virtually approaching worksta- 
tion-quality graphics. This speed is also suit- 
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able for driving 1024 x 768 non-interlaced monitors with a 
higher refresh rate of 72 Hz. At 72 Hz, screen flicker will not be 
detected even under fluorescent lighting conditions, which typ- 
ically induce flicker perceptions. Mainstream personal com- 
puter software can be written to take advantage of these high 
resolutions with a resulting hardware / software cost-perfor- 
mance ratio several times less expensive than similar worksta- 
tion solutions. 


110 MHz: At this speed an eye-pleasing top resolution of 1280 
x 1024 pixels (non-interlaced mode) can be achieved, with the 
device still capable of simultaneously displaying 256 different 
colors on-screen. This type of resolution, which even exceeds 
some workstation-level monitors, would be ideal for applica- 
tions such as CAD drawings, computer modeling, scanned im- 
ages, video animation, and imaging, with resulting photo-real- 
istic images and shaded renderings. As a quick comparison, at 
1280 x 1024 there are 1,310,720 pixels of information on- 
screen compared to 307,200 pixels at the normal 640 x 480 
VGA resolution, which is a factor of four greater! With the rap- 
idly emerging software markets of windows-based graphical 
user environments and multimedia applications for personal 
computers, the Atmel color palette devices providing such a 
high resolution would bring unprecedented workstation-grade 
graphics performance to personal computer users at an afford- 
able cost. 


135 MHz: Finally, this is the top speed available and is used 
for 1280 x 1024 pixels (non-interlaced mode) with a refresh rate 
of 72 Hz. The combination of such high on-screen resolution 
with a high speed refresh rate provides a superior level of per- 
formance under the harshest conditions. 


POWER SAVINGS: In the PLCC and LCC versions of the 
AT76C176A family there is a power-down mode, an especially 
useful feature in laptop and notebook computers. When acti- 
vated by software, this mode turns off the video DACs and the 
internal clock circuitry of the device, causing total device cur- 
rent consumption to be dramatically reduced from its normal 
operating value. The power-down mode will afford a battery- 
operated system a much longer per-charge life, since current 
consumption can drop to as low as 100 A, compared to 150 
mA or more in active mode. 


MILITARY APPLICATIONS: All the members of the 
AT76C176A family are processed up to full military specifica- 
tions. This leads to consistent high reliability and quality. It also 
means that many previously expensive, proprietary military 
graphics subsystem designs can be easily upgraded to a cost-ef- 
fective graphics solution supported by a wide array of standard 
off-the-shelf software written for the VGA standard. For exam- 
ple, military situational and awareness displays can be directly 
driven by Atmel color palette devices. The use of colors can 
dramatically add more meaningful information to the operators 
and users of visual equipment in the areas of avionics, logistics, 
radar and sonar systems, satellite communication, tactical war- 
fare, and many others. Even if only a single primary color is 
used (e.g. GREEN) different shading levels could relay different 
objects very effectively. 


RANGE OF COLORS: As discussed in the speed section, 
the Atmel color palette devices can simultaneously display a 
maximum of 256 distinct colors on-screen throughout their 
speed range. This means eight bits are allowed to define the 
color of each pixel. These 256 colors are available at any time 
from a total group of 262,144 colors. The specific set of 256 
colors shown at any given instant can be easily changed through 
software. For most personal computer-based applications soft- 
ware, the availability of eight bits per pixel and 262,144 colors 
to choose from is more than adequate. 


PACKAGING: The AT76C176A1 and the AT76C176A2 
are the 32-pin and 44-pin PLCC versions of the AT76C176A, 
respectively. These packages are specially suited for the latest 
surface-mounted PCB manufacturing techniques and can sig- 
nificantly decrease the amount of real estate space required to 
implement an efficient graphics solution. Furthermore, these 
PLCC packages, with very short pins, can minimize the induc- 
tance inherently present in integrated circuit device pins, lead- 
ing to sharper reproduction of colors with less distortion in an- 
alog displays. Other packaging such as LCC are also available. 


The next section highlights design issues relevant to system and 
graphics subsystem designers. Also shown is a sample connec- 
tion for the Atmel color palette in a typical design. 
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Figure 1. Sample Connection for Typical Application 
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System Implementation Considerations 


POWER SUPPLY DECOUPLING AND GROUNDING: 
To obtain the cleanest possible analog outputs from the 
AT76C176A, digital noise coupling into the analog signal paths 
needs to be minimized. The video data paths, power supply 
lines and ground planes on the circuit board should be laid out 
carefully to reduce noise coupling. As illustrated in Figure 1 
showing a sample connection for typical application, a separate 
VAA line decoupled to AGND with an electrolytic capacitor in 
parallel with a smaller ceramic chip capacitor should be used 
for the analog circuits on the AT76C176A. Similarly, a separate 
analog ground return, AGND, which is connected to the lowest 
impedance point in the system ground plane, should be used. 


LAYOUT: For best results, four layer PC boards with sepa- 
rate ground and power supply planes are recommended. The 
AGND plane should be laid out as an island or tub underneath 
the AT76C176A. All video frequency signal traces should be 
kept as short as possible to minimize radiation and all decou- 
pling capacitors should be placed as close to the AT76C176A 
as the layout rules permit. 


Noise and transients on the power and ground lines can be cou- 
pled or aliased into the video circuits by the switching action of 
the AT76C176A. For applications at 66 MHz and above, it may 
be necessary to isolate both VAA and AGND from the system 
supplies with inductors of appropriate values. 
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CURRENT REFERENCE: The IREF pin in the Atmel de- 
vices determines the maximum full scale output of the video 
DACs and is designed to source current with reference to the 
positive supply rail. The required current to produce a 0.7-volt 
DAC full-scale output level into a doubly-terminated 75-ohm 
load, as specified in the data sheet, is -8.88 mA. In order to gen- 
erate this current reference two approaches are suggested here: 
a current-source design and a voltage-reference design. 


As shown in Figure 2, the first approach is based on the 
LM334Z adjustable current source device. In this design the 
LM334Z is operated in its zero temperature coefficient mode, 
resistor RSET determines the reference current drawn from the 
color palette, and resistor R1 and the silicon diode provide com- 
pensation against temperature variations. Decoupling capaci- 
tors C1 and C2 are recommended for avoiding changes in the 
current reference due to possible VCC or VAA variations 
within the operating frequency bandwidth. RSET should be a 
precision resistor, preferably with a 1% tolerance. 


Figure 3 illustrates the voltage-reference approach. The use of 
a TL431C precision voltage regulator or an equivalent device is 
recommended. In this design the TL431C acts as a shunt regu- 
lator to provide a constant current sink. RSET again determines 
the amount of current drawn from the Atmel part and should be 
a precision resistor, while R1 limits the current flowing into the 
cathode terminal of the TL431C. 
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VIDEOINTERFACE: The RED, GREEN and BLUE video 
Outputs are designed to drive doubly terminated 75-ohm lines. 
To minimize ringing due to impedance mismatch, 75-ohm +1% 
thin film resistors should be placed close to the AT76C176A on 
the PC board. 


To comply with FCC RF emission regulations, ferrite beads can 
be inserted at the video outputs to limit the amount of high fre- 
quency emission. The AT76C176A is designed to produce very 
little high frequency digital feedthrough. 

SYSTEM TIMING: _ The pixel clock, PCLK, controls the 
timing of the color palette and the video DACs. Due to the high 
pixel frequency capabilities of the Atmel family of color palette 
devices, the pixel clock requirements as described in the data 
sheet should be carefully met. Setup and hold time requirements 


Figure 2. Current-Source Reference Design 
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with respect to PCLK and duty cycle limits for PCLK should be 
strictly adhered to. For example, if the setup or hold times of the 
pixel inputs are violated, certain groups of pixels on the screen 
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DIGITAL INTERFACE: When the high impedance digital 
inputs of the CMOS AT76C176A are driven by low impedance 
sources, considerable ringing can occur, which may degrade 
high video rate operation. Impedance matching resistors of the 
order of 50 ohms can be inserted in series at the inputs to the 
Pixel Address and Blanking inputs to reduce ringing. This also 
minimizes the amount of high frequency emission due to exces- 
sively high slew rates at the video data inputs. 


Figure 3. Voltage-Reference Design 
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Features 

¢ Compatible with MCS-51) Products 

4K Bytes of In-Circuit Re-Programmable Flash Memory 
Endurance: 1000 Write/Erase Cycles 
Data Retention: 10 Years 

¢ Wide Operating Voltage Range: Vcc = 2.7V to 6V 

¢ Fully Static Operation: 0 Hz to 16 MHz 

« 3-Level Program Memory Lock 

¢ 128 x 8-Bit Internal RAM 

¢ 32 Programmable I/O Lines 

¢ Two 16-Bit Timer/Counters 

¢ 5 Interrupt Sources 

* Programmable Serial Channel 

« Low Power Idie and Power Down Modes 


Description 


The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 
4K Bytes of F lash Programmable and Erasable Read Only Memory (PEROM). The 
device is manufactured using Atmel's high density nonvolatile memory technology 
and is compatible with the industry standard 80C51 instruction set and pinout. The 
on-chip PEROM allows the program memory to be reprogrammed in-circuit or by 
a conventional nonvolatile memory programmer. By combining a versatile 8-bit 
CPU with PEROM on a monolithic chip, the Atmel AT89CS1 is a powerful 
microcomputer which provides a highly flexible and cost effective solution to many 
embedded control applications. 


The AT89CS51 provides the following standard features: 4K Bytes of PEROM, 128 
bytes of RAM, 32 I/O lines, two 16-bit timer/counters, a five source two-level 
interrupt architecture, a full duplex serial port, on-chip oscillator and clock circuitry. 
The AT89C51 supplies all the necessary timing and high-voltage functions required 
for programming the PEROM array, and no extemal support circuits are required. 
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AT89C51 Block Diagram 


PO.0 - PO.7 P2.0 - P2.7 


GND | PORT 0 DRIVERS PORT 2 DRIVERS | 


| 

PORT 0 PORT 2 | 

LATCH LATCH | 

| | 
| | 


PROGRAM 
| sAck 
| B POINTER 
REGISTER 


ADDRESS 
} = 


REGISTER 


fo 
ra 
ra 
< 
= 
a 


REGISTER 


BUFFER 


PC | 


ALU INCREMENTER 

| INTERRUPT, SERIAL PORT, | 

| AND TIMER BLOCKS | 

) PROGRAM | 

Sete COUNTER 

PSEN 6 c | 
ALE/PROG ee Oh 
RST D 

| 2 | 

| | 

| PORT 1 PORT 3 | 

LATCH LATCH 


PORT 3 DRIVERS | 


P1.0-P1.7 P3.0 - P3.7 


12-4 ee 


In addition, the AT89CS51 supports two software selectable 
power saving modes. The Idle Mode stops the CPU while 
allowing the RAM, timer/counters, serial port and interrupt 
system to continue functioning. The Power Down Mode 
saves the RAM contents but freezes the oscillator disabling 
all other chip functions until the next hardware reset. 


Pin Description 
Vcc: Supply voltage 
Vss: Ground 


Port 0: Port 0 is an 8-bit open drain bidirectional I/O port. 
As an output port each pin can sink 8 TTL inputs. When 1s 
are written to port 0 pins, the pins can be used as high- 
impedance inputs. 

Port 0 is also the multiplexed low-order address data bus 
during accesses to external Program and Data Memory. In 
this application it uses strong internal pullups when emitting 
Is. 


Port 0 also receives the code bytes during PEROM 
programming, and outputs the code bytes during program 
verification. External pullups are required during program 
verification. 


Port 1: Port 1 is an 8-bit bidirectional I/O port with internal 
pullups. The Port 1 output buffers can sink/source 4 TTL 
inputs. When Is are written to Port 1 pins they are pulled 
high by the internal pullups and can be used as inputs. As 
inputs, Port 1 pins that are externally being pulled low will 
source current (Ij) because of the internal pullups. 


Port 1 also receives the low-order address bytes during 
PEROM programming and program verification. 


Port 2: Port 2 is an 8-bit bidirectional I/O port with internal 
pullups. The Port 2 output buffers can sink/source 4 TTL 
inputs. When Is are written to Port 2 pins they are pulled 
high by the internal pullups and can be used as inputs. As 
inputs, Port 2 pins that are externally being pulled low will 
source current (Ij_) because of the internal pullups. 


Port 2 emits the high-order address byte during fetches from 
external Program Memory and during accesses to external 
Data Memory that use 16-bit addresses (MOVX @DPTR). 
In this application it uses strong internal pullups when 
emitting 1s. During accesses to external Data Memory that 
use 8-bit addresses (MOVX @Ri), Port 2 emits the contents 
of the P2 Special Function Register. 
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Port 2 also receives the high-order address bits and some 
control signals during PEROM programming and 
verification. 


Port 3: Port 3 is an 8-bit bidirectional I/O port with intemal 
pullups. The Port 3 output buffers can sink/source 4 TTL 
inputs. When |s are written to Port 3 pins they are pulled 
high by the internal pullups and can be used as inputs. As 
inputs, Port 3 pins that are externally being pulled low will 
source current (Ij) because of the pullups. 


Port 3 also serves the functions of various special features 
of the AT89CS1 as listed below: 


| Port Pin | Alternate Functions 


RXD (serial input port) 
TXD (serial output port) 

INTO (external interrupt 0) 
INT1 (external interrupt 1) 


TO (timer 0 external input) 
T1 (timer 1 external input) 
WR (external data memory write strobe) 
RD (external data memory read strobe) 


Port 3 also receives some control signals for PEROM 
programming and programming verification. 

RST: Reset Input. A high on this pin for two machine 
cycles while the oscillator is running resets the device. 


ALE/PROG: Address Latch Enable output pulse for 
latching the low byte of the address during accesses to 
external memory. This pin is also the program pulse input 
(PROG) during PEROM programming. 

In normal operation ALE is emitted at a constant rate of 1/ 
6 the oscillator frequency, and may be used for external 
timing or clocking purposes. Note, however, that one ALE 
pulse is skipped during each access to extemal Data Memory. 


PSEN: Program Store Enable is the Read strobe to External 
Program Memory. 


When the AT89C51 is executing code from external Program 
Memory, PSEN is activated twice each machine cycle, 
except that two PSEN activations are skipped during each 
access to External Data Memory. 
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EA/Vpp: External Access Enable. EA must be Strapped to 
Vss in order to enable the device to fetch code from 
External Program Memory locations starting at OOOOH up 
to FFFFH. Note, however, that if either of the Lock Bits are 
programmed, EA will be internally latched on reset. 


EA should be strapped to Vcc for internal program 
executions. 


This pin also receives the 12 V programming enable voltage 
(Vpp) during PEROM programming, when 12 V 
programming is selected. 


XTALI1: Input to the inverting oscillator amplifier and 
input to the internal clock operating circuit. 


XTAL2: Output from the inverting oscillator amplifier. 


Figure 1. Oscillator Connections 


C2 

) XTAL 2 
L_] 

C1 

) XTAL 1 


Vss 


C1, C2 = 30 pF + 10 pF for Crystals 
= 40 pF + 10 pF for Ceramic Resonators 
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Oscillator Characteristics 


XTAL1 and XTAL2 are the input and output, respectively, 
of an inverting amplifier which can be configured for use as 
an on-chip oscillator, as shown in Figure 1. Either a quartz 
crystal or ceramic resonator may be used. 


To drive the device from an extemal clock source, XTAL1 
should be grounded while XTAL2 is driven as shown in 
Figure 2. There are no requirements on the duty cycle of the 
external clock signal, since the input to the internal clocking 
Circuitry is through a divide-by-two flip-flop, but minimum 
and maximum voltage high and low time specifications 
must be observed. 


Figure 2. External Clock Drive Configuration 


EXTERNAL 
OSCILLATOR XTAL 2 

SIGNAL 
NC XTAL 1 


Vss 
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Idle Mode 


In Idle Mode, the CPU puts itself to sleep while all the on- 
chip peripherals remain active. The mode is invoked by 
software. The content of the on-chip RAM and all the 
Special Functions Registers remain unchanged during this 
mode as shown in the table below. The Idle Mode can be 
terminated by any enabled interrupt or by a hardware reset. 


It should be noted that when Idle is terminated by a hardware 
reset, the device normally resumes program execution, 
from where it left off, up to two machine cycles before the 
internal reset algorithm takes control. On-chip hardware 
inhibits access to internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate the possibility of 
an unexpected write to a port pin when Idle is terminated by 
reset, the instruction following the one that invokes Idle 


should not be one that writes to a port pin or to external 
memory. 


Power Down Mode 


In the Power Down mode the oscillator is stopped, and the 
instruction that invokes Power Down is the last instruction 
executed. The on-chip RAM and Special Function Registers 
retain their values until the Power Down mode is terminated. 


The only exit from Power Down is a hardware reset. Reset 
redefines the SFRs but does not change the on-chip RAM. 
The reset should not be activated before Vcc is restored to 
its normal operating level and must be held active long 
enough to allow the oscillator to restart and stabilize. 


Status of the External Pins During Idle and Power Down 


Program ALE 


Memory 


Program Memory Lock Bits 


On the chip are three Lock Bits which can be left 
unprogrammed (U) or can be programmed (P) to obtain the 
additional features listed in the table below: 


When Lock Bit 1 is programmed, the logic level at the EA 
pin is sampled and latched during reset. If the device is 


Lock Bit Protection Modes 


B1 LB2 LB3 
2  P U U 
3 P Pp U 
4. P P P 


PSEN 


a TT 
= 


Program Lock Bits 
_ Protection Type 


No program lock features enabled. 


MOVC Instructions executed from external program memory are disabled from 
fetching code bytes from Internal memory, EA is sampled and latched on reset, 
and further programming of the PEROM is disabled. 


Same as mode 2, also verify is disabled. 
Same as mode 3, also external execution is disabled. 


PORTO PORT1 PORT2 PORT3 


powered up without a reset, the latch initializes to a random 
value, and holds that value until reset is activated. It is 
necessary that the latched value of EA be in agreement with 
the current logic level at that pin in order for the device to 
function properly. 
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Programming the PEROM 


The AT89CS1 is normally shipped with the on-chip PEROM 
code memory array in the erased state (i.e. contents=FFh) 
and ready to be programmed. The programming interface 
accepts either a High-Voltage (12V) or a Low-Voltage 
(Vcc) program enable signal. The Low Voltage 
programming mode provides a convenient way to program 
the AT89CS1 inside the user's system. The High-Voltage 
programming mode is compatible with conventional third 
party PEROM or EPROM programmers. The AT89CS1 is 
shipped with the High-Voltage programming mode selected. 


The AT89CS1 code memory array is programmed byte-by- 
byte in either programming modes. Before the on-chip 
PEROM Code Memory is re-programmed, the entire 
memory array can be erased electrically, even in the user's 
application system.Atmel can supply parts with factory 
programmed user code in the memory array. 
Programming Algorithm: Before programming the 
AT89C51, the address, data and control signals should be 
set up according to the PEROM Programming Modes table 
and Figures 3 and 4.. To program the AT89CS51, the 
following sequence should be followed: 
1. Input the desired memory location on the address lines. 
2. Input the appropriate data byte on the data lines. 
3. Activate the correct combination of control signals. 
4, RaiseEA/Vppto 12Vifinthe High-Voltage programming 
mode. 


5. Pulse ALE/PROG once to program a byte in the PEROM 
array or the lock bits. The byte-write cycle is self-timed 
and takes no more than 0.5 ms.Repeat steps 1 through 


12-8 


5 changing the address and data for the entire array or 
until the end of the object file is reached. 


Selecting Vpp. To program the Vpp select code, the ALE/ 
PROG pin needs to be held low for 10 ms. 


Data Polling: The AT89C51 features Data Polling to 
indicate the end of a write cycle. During a write cycle, an 
attempted read of the last byte written will result in the 
complement of the written data on PO.7. Once the write 
cycle has been completed, true data is valid on all outputs, 
and the next cycle may begin. Data Polling may begin any 
time after a write cycle has been initiated. 


Program Verify: If lock bits LB1 and LB2 have not been 
programmed, the programmed code data can be read back 
via the address and data lines for verification. The lock bits 
cannot be verified directly. Verification of the lock bits is 
achieved by observing that their features are enabled. 


Chip Erase: The entire PEROM array is erased electrically 
by using the proper combination of control signals and by 
holding ALE/PROG low for 10 ms. The code array is 
written with all "1"s in the Chip Erase operation and must 
be executed before the code memory can be re-programmed. 


Reading the Signature Bytes: The Signature bytes are 
read by the same procedure as a normal verification of 
locations 030H and 031H, except that P3.6 and P3.7 need to 
be pulled to a logic low. The values returned are: 


(030H) = 1EH indicates manufactured by Atmel 
(031H) = 51H indicates 89C51 
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Programming Interface 


Every code byte inthe PEROMarray canbe writtenandthe __ is self-timed and once initiated, will automatically time 
entire array can be erased by using the appropriate _ itself to completion. 
combination of control signals. The Write operation cycle 


PEROM Programming Modes 


RST PSEN ALE/ EA/ P2.7 P26 P36 P3.7 
PROG Vpp 


Write Code Data H L H/12V L H H H 


Write Lock Bit - 1 
Bit - 2 
Bit - 3 
: : 


Notes: 
(1) The Vpp Select Code determines whether Vpp = 12V or Vpp= Vcc is used to enable programming. 
(2) Write data AAh to address 55h to select Vpp= Vcc. 
Write data 55h to address AAh to select Vpp = 12V. 


Figure 3. Programing the PEROM Figure 4. Verifying the PEROM 
+ 5V 

ADDR. appR, CA, es J PGM DATA 
OOOOH/OFFFH PGM DATA OOOOH/OFFFH P2.0-P2.3 po (USE 10K 
P2.6 PULLUPS) 

——— P2.7 

SEE ALE/PROG SEE P36 

TABLE 3 TABLE 3 , Vin 


P3.7 
XTAL 2 


Vin 1 Vin 1 
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PEROM Programming and Verification Characteristics 
Tar = 21°C to 27°C, Vcc = 5.0 V + 10%, Vss = OV 


Symbol Parameter Min Max Units 
Programming Supply Voltage 11.5 12.5 V 


Programming Supply Current 1. 


Address Setup to PROG Low 48Toict 
Address Hold After PROG 48TcLoL 
Data Setup to PROG Low 48T cic. 
Data Hold After PROG 48T LoL 
P2.7 (ENABLE) High to Vpp IS Tores. 


Vpp Setup to PROG Low 10 us 
Vpp Hold After PROG 10 us 
PROG Width 90 110 us 


Address to Data Valid 48TcicL 
ENABLE Low to Data Valid 48T LoL 
Data Float After ENABLE 0 48T cto 


Note 1: Only used in 12 Volt programming mode. 


PEROM Programming and Verification Waveforms 


PROGRAMMING VERIFICATION 
P1.0-P1.7 | ADDRESS { ADDRESS 
P2.0 - P2.3 
Tavav 


PORT 0 DATA IN {| DATA OUT) 
TpVGL 
TAVGL 


TsHa(2) TGHSL 


ALE/PROG 


P2.7 
(ENABLE) 


Note 2: For 12V programming only. For SV programming, Tsp = 0. 
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Absolute Maximum Ratings* 


; ve “i *NOTICE: Stresses beyond those listed under "Absolute Maximum 
Operating Temperature “55°C to +125°C Ratings" may cause permanent damage to the device. This is a stress 
Storage Temperature “65°C to +150°C rating only, and functional operation of the device at these or any 
Voltage on Any Pin other conditions beyond those indicated in the operational sections 
with Respect to Ground -1.0V to +7.0V of this specification is not implied. Exposure to absolute maximum 
Maximum Operating Voltage vevccvccceccccccccscenceeeece 6.6 V rating conditions for extended periods may affect device reliability. 
DC Output Current .................cscssssceseecessesneeeees 5.0mA 


DC Characteristics 
Tay = -40°C to +85°C, Vcc = +2.7V to +6.0 V, Tac = 0°C to +70°C, Voc = +2.7V to +6.0 V (unless otherwise noted) 


Symbol Parameter Test Condition 


Vit Input Low Voltage (Except EA) 0.2 Voc -0.1 
wt Input Low Voltage (EA) 0.2 Voc -0.3 
Input High Voltage (Except XTAL1, RST) 0.2 Voc + 0.9 Voc + 0.5 
= Input High Voltage (XTAL1, RST) 0.7 Vcc Voc + 0.5 
VoL Output Low Voltage(2) loL=1.6mA 0.45 
(Ports 1,2,3) 
Vout Output Low Voltage(2) lot = 3.2 MA 0.45 
(Port 0, ALE,PSEN) 
VOH Output High Voltage lon = -60 WA Voc = 5V + 10% 2.4 
(Ports 1,2,3, ALE,PSEN) oy =-25 pA 0.75 Veco 
loH = —10 LA 0.9 Vcc 
Vou Output High Voltage lon = —800 LWA Voc = 5V + 10% 2.4 


(Port 0 in External Bus lon = -300 pA 0.75 Voc 


Mode) lon = -80 pA 0.9 Voc 


Logical 0 Input Current Vin = 0.45V pA 
(Ports 1, 2, 3) 


Logical 1 to 0 Transition Vin = 2V 
Current (Ports 1,2,3) 
lu Input Leakage Current 0.45 < Vin <Voc +10 
(Port 0, EA) 


RRST Reset Pulldown Resistor 


Cio Pin Capacitance Test Freq = 1 MHz, Ta = 25°C 


loc Power Supply Current: 
Active Mode, 12 MHz 
Idle Mode, 12 MHz 
Power Down Mode 
Notes: 1. Minimum Vcc for Power Down is 2V. 
2. Under steady state (non-transient) conditions, Io, must be externally limited as follows: 
Maximum Io, per port pin: 10mA 
Maximum Io; per 8-bit port- 
Port 0: 26 mA 
Ports1, 2, and 3: 15 mA 
Maximum total Io, for all output pins: 71 mA 
If lo. exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater than 


the listed test conditions. 
AIMEL mn 
Se 


AIMEL 


(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other outputs 
= 80 pF) 


External Program Memory Characteristics 


AC Characteristics 


Symbol Parameter 12 MHz em Variable Oscillator Units 
Min Min Max 


1/Tctct Oscillator Frequency 12.0 
TLHLL ALE Pulse Width aaa 
TAVLL Address Valid to ALE Low ToicL—40 


TLLAX Address Hold After ALE Low Tere. -35 
TLLIV ALE Low to Valid Instruction In 4Tcic_-100 


TLLPL ALE Low to PSEN Low Tcoice_-25 
TpLPH PSEN Pulse Width 3TcLcL-35 
TpLiv PSEN Low to Valid instruction In 3TcLcL-20 


rue RD Pulse Width 6TcLic_-100 
TWLWH WR Pulse Width 6Tcici-1 00 


TRLDV RD Low to Valid Data In BTcici=165 
TRHDX Data Hold After RD 
TRHDZ Data Float After RD SToceiar0 


TLLDV ALE Low to Valid Data In 8TcLcL—150 
Tavpbv Address to Valid Data In 585 9TcicL_—-165 ns 
TLLWL ALE Low to RD or WR Low 300 3TcLcL—-50 3TcLcL—50 


TAVWL Address to RD or WR Low 4Tcic_—-130 
Tavwx _ Data Valid to WR Transition Tcoici—60 


TaQvWH Data Valid to WR High 7TcLtceL-150 
a Data Held After WR Toic_—50 
=a RD or WR High to ALE High 123 Toitci—40 TctcL+40 ns 
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External Program Memory Read Cycle 


ALE 


PSEN 


PORT 0 


PORT 2 


TLHLL 


TAVLL 


TLLAX 


AO - A7 


Taviv 


SG) a 


A8 - Ai5 


External Data Memory Read Cycle 


ALE 


PORT 0 


PORT 2 


| TLHLL | 


= an 


AO - A7 FROMV/\/ 
1 RIOR DPL ‘ /\ f 


Tavww.s—> 


TAVLL 


Tapvp 


TRLDV 
TRLAZ 


\ 

( DATAIN Be AO - A7 FROM PCL INSTR. IN 
AL 

: P2.0 - P2.7 OR A8 - A15 FROM DPH 


AIMEL 


TWHLH 


TRHDz 
TRHDX 


AT89C51 


A8 - A15 


A8 - A15 FROM PCH 
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External Data Memory Write Cycle 


TLHLL 

ALE 

TWHLH 
PSEN 

WR TLLAX 
= 
bi AVLL ‘ QVWX TWHOX 
QVWH 
AO - A7 FROM \/ INSTR. 
AO - A7 FROM PCL 


Taw —> 


PORT 2 ! P2.0 - P2.7 OR A8 - AiS FROM DPH A8 - AiS FROM PCH 


External Clock Drive Waveforms External Clock Drive 


| symboi| Parameter Min. Max Units 
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AT89C51 


Serial Port Timing - Shift Register Mode Test Conditions 
(Tar = 0° = 70°C; Vcc - SV + 10%; Vss = OV; Load Capacitance = 80 pF) 


| 12MHzOsc Variable Osacillator 
— sical | Min Max | Mins Max 


TavxH | Output Data Setup to 700 10T oie - 133 
fom [fence | 
TxHa@x | Output Data Hold After Ne. 117 
ee [amememe | Le 
|Txuox | InputDataHold After | 0 | 
TXHDV Clock Rising Edge to 700 10Tciet - 133 
hall Input Data Valid | 


Shift Register Mode Timing Waveforms 


INSTRUCTION = i§s | Sl OD et 2 8 DB BY 
ALE 
ja XLXL yy 
LXL 
CLOCK 


TavxH 


OUTPUT DATA 
WRITE TO SBUF SET TI 4 
INPUT DATA VALIDX__XVALIOX ——XVALIDX———CXVALIOX. ———XVALIOQX, SX VALI KVALIOX’ ~~ XVALID) 

SET RI t 
CLEAR Rl 


AC Testing Input/Output Waveforms 


2.0 2.0 


TEST POINTS 


0.8 0.8 


AC Inputs during testing are driven at 2.4V for alogic"1" and 0.45V 
for a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0". 


ATMEL 1248 
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Section 13 


TAB Packaging Services 


Wafer Bumping and Tape Automated Bonding Technolog).................cccsssesseesesseseeees 13-3 


13-1 


13-2 


Features 

¢ Capability to .004" Pad Pitch with Gold Bumps 

Provides Known Good Die for Multichip Module Applications 

Smallest Footprint Available for a Fully Tested Device 

JEDEC Standard or Customer Specified TAB Tape 

Customer Specified Footprint for Flip TAB or Lead Formed 

Applications 

¢ Superior Inductance, Resistance, and Capacitance Compared to 
Wire Bonding 


Description 

Tape Automated Bonding (TAB) is a surface-mount packaging technology for integrated 
circuits which provides the highest lead density and smallest footprint available for fully- 
tested die. A pattern of leads is formed in a thin sheet of copper which allows chip contact 
on the inside of the pattern, and contact to external substrates at the lead terminations on the 
outside of the pattern. 


The final configuration of the TAB’d die may conform toaJEDEC Standard UO-018 outline, 
or may be customized to the electrical and mechanical requirements of the customer, 
allowing unprecedented flexibility in finished product design. 


AIMEL 


Wafer Bumping 
and Tape 
Automated 
Bonding 
Technology 


13-3 


13 


AIMEL 


Wafer Bumping Services 

Gold bumps are plated to the bond pads of the dieon an unprobed — metal onthe bond pads. Tocomplete the process, the photosensitive 
wafer (bumps must be applied in wafer form.) Wafersarereadied material and field metals are stripped, a final cleaning step is 
for bumping according to Atmel’s design rules for the size of the —_ performed and the bumps are annealed. 

passivation opening over the bond pads. Titanium/Tungsten is 

sputtered on the wafer followed by layers of palladium and gold. | Atmel’s bump process is compatible with all types of wafer 
Photolithography operations are performed to define the bump _ processes, including GaAs and SOS. 

opening for plating. The bumps are then plated to the gold field 


Gold Bump Capabilities 
Configuration Straight Wall or Mushroom 


Bump Spacing 40 pp minimum for straight wall 


Photolithography Polyimide (straight wall) 
Aqueous Photoresist (mushroom) 


Gold Bump Design Rules 


Passivation Opening Size 8 1. minimum from outside edge of bond pad 


Passivation Opening Shape Square or rectangle preferred 


Size of Bump Opening on Bump Mask Minimum of .002" x .004" 
(50 u x 100 2) for rectangle or 
.003" x .003" (75 ux 75 1) for square 


Straight Wall Gold Bump 


40 p min. 


rr _ 50 p min. 
VLD aS Passivation Yi Ll ble 


Zi , Zi Z 


WAX wr Ka 
Sl 
Passivation 
8 Cut 
sch, Al Bond Pad 
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Bump Mask Requirements 
Atmel Supplied Mask Requirements 
GDS II tape of the mask layer for the bond pads 
Die window size 
Quantity of die per wafer 
X and Y stepping distance (in mils or microns) 
Pattern offshift distance (in mils or microns) 
Information on test die 
-If a test die is present on the wafer but will not be 
checked at probe, Atmel will procure a mask that will 


Orientation 


Reticle Type 


Image Media 
CD or Registration 


Saw Streets 


Location of Bump 
Openings 


TAB Technology 

After the integrated circuit is prepared for the TAB process by 
applying bumps to the bond pads, the wafer is probed with normal 
probe testing procedures. The wafer is then sawed, and the good 
die are inspected prior to presentation to the bonding process. 


Inner Lead Bond (ILB) - To make the ILB connection, the TAB 
frame is attached to bumps formed on the chip in the wafer 
bumping process. ILB connections are affected via thermosonic 
single point bonding or thermocompression gang bonding. Single 
point bonding is typically employed for prototype, low volume 
production, and fine pitch/high pin count applications, and usually 
requires minimal tooling charges. The tape is presented to the 
bonding stage in singulated form in slide mount carriers. Gang 
bonding is typically employed in high volume applications. The 
tape is presented to the bonding stage in reel form, and a thermode 
must be tooled that is specific to the device that will be bonded. 


Test and Burn-in - TAB’d die may be tested and burned in 
standard sockets. The die are tested by contacting the test pads 


Customer Supplied Mask Requirements 


Center of wafer pattern must be in the center of the mask pattern 
Mask title at top (device number, layer number, and revision) 
Wafer flat to top of mask with chrome side down 


7" x 7" for 6" wafers, .120" thickness 
6" x 6" for 5" wafers, .120" thickness 
5" x 5" for 4" wafers, .090" thickness 


Anti-reflective (AR) for clear field 
See through chrome (STC) for dark field 
0.8 to 1.0 optical density 


Defect Size 10 microns, no defects in die sites 


Not required, however alignment marks in the saw streets are 
recommended for critical alignment on fine pitch bumps (< .005") 


Saw streets should be clear of plating except for alignment marks 


Over entire wafer surface 
(bond pads plus edge areas of bare silicon) 


AIMmEt 


project a bump site of the subject device on the test 
die. 


-If a test die is present and will be checked at wafer 
probe, required information includes a GDS II tape of 
the mask layer for the test die contacts, test die 
window size, and quantity of test die per wafer. 


found on the periphery of the tape. ILB’d die may be tested to 
finished device specifications. 


Encapsulation - ILB’d die may be encapsulated with a variety of 
clear or opaque coatings; non-coated die may be placed into 
ceramic packages for hermetic applications. 


Outer Lead Bond (OLB) - OLB includes excise (and possibly 
lead forming) of the ILB’d die and attachment to a substrate. 
Single point thermosonic gold-to-gold or hot bar solder reflow 
capability is available. 


Package Lead Bond (PLB) - Package lead bonding involves 
attachment of a TAB lead frame to a leadless chip carrier. This 
technique makes fine pitch outer lead spacing available for 
devices that may require hermetic packaging. 
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Atmel Gold Bump/TAB Process 


Aluminum Bond Pads Covered with Field Metal Bump Area Defined Prior to Plating 


Small rectangle within bond pad is aluminum beneath the — Exposed photosensitive polyimide creates opening for 
field metal plating a gold bump to the exposed field metal 


Area of passivation overlapping aluminum bond pad is 
greater than typical wire bond passivation 


Gold Bumps Plated on Bond Pads Lead Frame Attached to Bump 


Polyimide has been removed Tool imprint on lead surface is formed from a single point 
Bumps are approximately 25 pt high thermosonic bonder 
Uniform size and profile 
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Specifications 
Inner Lead Bond 


Thermosonic Single Point Bonding 
Tegnnaigies Thermocompression Gang Bonding 


Cu/Polyimide (2 layer), Cu/Adhesive/Polyimide (3 layer) 
35 mm/4 pitch to 70 mm/14 pitch 

Lead Pitch: .004” + (100 py +) 

Lead Width Range: .001" to .004” (25 1 to 100 1) 


Size Range (sq.): .073" to .600" (1.9 to 15.2 mm) 
Chip Configuration Thickness Range: .015" to .030" (.37 to .75 mm) 
I/O Counts: 6 to 500+ 


Chip Presentation Automatic magazine feed 
Manual 
Product Handling Lead Frame Reel-to-reel 
Single-site chip carrier with magazine carrier 
ILB Component Reel 
Single-site chip carrier with magazine carrier 


Alignment Tolerance +/-.0005" (12.5 pt) 


Lead Frame Media 


Frame Mount and Excise 


35 mm, Super 35 mm Automatic cut, frame, load into magazines 


Equipment 48 mm-70 mm Manually operated cut and frame 


Excise, Lead forming Tooling product-specified per OLB, 
die attach requirements 


Outer Lead Bond 


Single-point thermocompression Cu/Au, Au/Au - Pitch range: .005" (125 p) 
Hot bar solder reflow - Pitch range .015" (375 i) 


Mounting Media Ceramic leaded or leadless package 
Various Ceramic/glass, laminate substrates 


Encapsulation 


Technology 


Au/Sn kovar resistance and furnace seal 
Hermetic/Non-hermetic Epoxy lid/package 
Epoxy coat 


Package Lead Bond 


Thermocompression gang bond or thermosonic single point bond 
Au/Au 
Pitch range: .005"+(125 p+) 


Ceramic leaded or leadless package 


Technology 


Mounting Media 
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Performance 

System designers have reduced system clock cycle times from 
well over 100 ns in early system generations to less than 20 ns in 
commercial systems in development. The significance of the 
allowance in the system clock cycle for signal edge quality 
degradation has become correspondingly greater. Since an 
allowance of between one and three nanoseconds may be required, 
this allowance as a portion of the system clock has risen from 
about two percent for early generations to roughly ten percent for 
systems currently in development. Packaged silicon integrated 
circuits do not typically provide a controlled environment for fast 
rise- or fall-time signals through the packaging medium, though 
PCB designs usually accommodate signal plane isolation through 
ground or supply-plane shielding. The emphasis on shielding 
allows the PCB designer to control inductance as an influence on 
signal quality in the PCB medium. In spite of this control in the 
PCB medium, the circuit implementation may still have difficulty 
accepting uncontrolled nodes at the integrated circuit interfaces. 
The geometry of the TAB package typically results in lower 
inductance than packages requiring wirebonds. Resistances are 
also lower since there are no thick-film conductor layers in the 
signal path of a non-hermetic TAB package and the straight-wire 
TAB conductor is usually made of copper. In performance 
oriented systems, a TAB package can provide a superior interface 
when compared to wire-bonded packages. 


Test Description 


High Temperature Storage 
75°C 
200°C 


Thermal Shock 
0°C to 100°C 
-65°C to 150°C 


Temperature Cycling 


-55°C to 85°C 
-65°C to 150°C 
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pL Quantity Units | Hours/Cycles (through Mar 92) | Process Related Failures 


Process Qualification/Long Term 
Reliability 

Testing has been performed for evaluation, qualification, and 
long term reliability assessment of Atmel’s gold Bump/TAB 
process, specifically the bump, bump to die, and lead frame to 
bump interfaces. To date, no reliability risk with respect to the 
bump/TAB process can be indentified as a result of this testing. 


In the absence of a significant quantity of failures a reliability 
model cannot be constructed for any of the testing performed. 
Though the temperature extremes utilized for both Temperature 
Cycling and Thermal Shock testing provide an acceleration factor 
relative to nominal operating conditions, a quantitative factor 
cannot be calculated. However, the number of cycles achieved in 
the thermal shock at 0°C to 100°C group would equate to over 3.5 
years of on/off cycles at 5 cycle per week (1 cycle daily, 5 days/ 
week). 


High temperature storage results show a bump reliability of less 
than 30 FITs for 60 percent confidence at standard operating 
conditions of 70°C, and an activation energy of 0.5 eV. 


Atmel's bump/TAB process has been shown to be reliable, not 
only at the commercial level of operation but over the military 
range of temperatures as well. 
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Dedicated to Customer Satisfaction 


It seems like such a simple request - to get 
what you want, when you want it, and for a 
reasonable price. However, in the complex 
world of integrated circuits, thousands of 
factors influence the design and manufac- 
ture of a part and can affect how the device 
will perform. At Atmel, every employee is 
committed to making sure the customer gets 
what he wants. From the executive level and 
throughout the organization, the Company’s 
goal is one hundred percent customer 
satisfaction. 


To achieve this goal, Atmel’s employees 
have developed the philosophy, structure, 
training and tools necessary to sustain prod- 
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uct quality and reliability. The result is two 
interrelated functions, one dedicated to 
quality and one dedicated to reliability. The 
"thread" that ties these functions to each 
other and to the rest of the Company is the 
Continuous Improvement Process. 


Atmel’s corporate philosophy of continuous 
improvement insures that you get not only 
high quality, reliable devices, but that every 
group within the Company is operating with 
your requirements in mind. Atmel’s hall- 
mark is excellence: quality and reliability 
from its circuits and service from its em- 
ployees. 
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Continuous Improvement 

Accepting the Malcolm Baldrige National Quality Award, one 
recipient said that "we are in a race without a finish line." That 
is a good synopsis of Atmel’s philosophy of continuous im- 
provement. The key responsibility of the executives, managers 
and employees of Atmel is to constantly and forever improve 
the quality of products and services delivered. 


The Company’s objectives include providing the leadership and 
training required to sustain a process of continuous quality im- 
provement; implementing a total quality system that will allow 
Atmel to compete for and win the Malcolm Baldrige National 
Quality Award; implementing and utilizing SPC throughout the 
organization; and understanding and integrating the concepts of 
"six sigma” into the culture and processes. 


In the past, the organization has gone through formal training in 
the Crosby 14-Step Quality Program; the Alamo Problem Solv- 
ing, Planning and Decision Making Program; General Quality 
Specifications; Statistical Process Control (SPC); Statistical 
Design of Experiments (DOE); and in-house training for mana- 
gerial and supervision skills. 


Today, training continues with an emphasis on SPC, DOE, six 
sigma concepts and team building. The figure above represents 
the steps Atmel has already taken along the journey of continu- 
Ous improvement. Each year, new organizational goals and 
functional strategies elevate the Company’s level of quality 
even higher. 


In addition to training, the journey of continuous improvement 
involves integrating SPC, DOE, just-in-time (JIT) and other 
techniques into everyday operations. Use of these techniques 
throughout the corporation, not just in manufacturing, is proof 
of Atmel’s commitment to continuous improvement. Whether 
it is order entry, wafer fabrication, review of customer specifi- 
cations, government compliance testing or even returning a 
customer’s phone call, Atmel strives for "zero defects." 


Atmel’s Continuous Improvement Process 


Faster 


Steering 
Committee 


Continue 


Hassle 


Quality Systems 
Start Improvement 
Teams 
(QITs) 
Pilot Groups 


Empower 


More 
Networks & 
Standards 


Initiate SPC 


Statistical Process Control 

Control of process parameters is the heart of Atmel’s continu- 
ous improvement system. SPC involves the portrayal of process 
parametric values in a graphical form to display whether an op- 
eration is in control or out of control. Through experimentation 
and evaluation, upper and lower control limits are established 
for each parametric value of a given process step. The paramet- 
ric values are charted on a continual basis and the result is an 
easy-to-interpret graph which allows for immediate corrections 
or adjustments by the person closest to the operation. This type 
of quality measurement can be applied to almost any operation 
within the Company. 


Currently over 500 SPC charts are monitored throughout wafer 
fabrication, test and packaging operations. Used at crucial 
points in the fabrication process, SPC insures compliance with 
pre-set control limits. Measurements taken at critical steps in 
the process are used in the development of engineering models 
and applied to current design. Process SPC data is monitored to 
insure the integrity of each wafer and the resulting statistics are 
used to constantly improve the process. 


Statistical Design of Experiments (DOE) 

The DOE technique has been successfully used for many years 
by the agriculture and chemical industries. Only recently has 
the technique been used in high-technology industries. 


Using DOE, various problems can be solved simultaneously by 
determining variables that are statistically significant, interac- 
tion between variables and the amount of variation possible in 
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the process or product. DOE can greatly reduce the time re- 
quired for process qualification and optimization. This is espe- 
cially useful in wafer fabrication where quality depends on the 
interaction of hundreds of different process steps and materials. 


When DOE is coupled with computer-aided design and process 
models, it can be used to predict relationships and outcomes by 
running experiments. Actual experiments are run on only those 
processes which show the most promise. This, in turn, reduces 
the time and cost of designing new products and processes or 
improving existing ones. 


Just-in-time 

The concept of receiving products exactly when they are 
needed for the system is what JIT is all about. In order for this 
technique to succeed, however, a significant commitment is 
made by both the supplier and the customer. JIT implies a part- 
nership that gives the customer quality devices, reliable deliver- 
ies and lower costs compared with carrying inventory. Atmel 
performs design and fabrication tasks with such predictability 
that circuits may go directly to the customer’s work floor, elim- 
inating incoming inspection. 


The Payoff 

Quality and reliability at Atmel cannot be separated from the 
life cycle of the product. The Company recognizes that quality 
and reliability must be maintained at all levels of the organiza- 
tion and must be constantly improved. Through continuous im- 
provement and a focus on customer requirements, Atmel has 
established dock-to-stock programs with several high-perfor- 
mance computer and military system companies. 


The bottom line for Atmel customers is lower system life-cycle 
cost and faster time-to-market. Atmel’s culture puts customer 
requirements and continuous improvement above all else, in- 
suring that indeed you get what you want, when you want it, and 
at a reasonable price. 


Atmel’s Quality System 

The foundation of Atmel’s quality system is MIL-M-38510 and 
MIL-STD-883. These specifications are translated into com- 
pany policies covering all areas of design, qualification, manu- 
facturing and customer service. Atmel has chosen to operate to 
the high standards of the military in order to meet or exceed the 
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needs of commercial and industrial customers. The Company’s 
employees are trained, certified and audited on these policies, 
which are outlined in Atmel’s Quality Manual. 


Quality Control 

Atmel’s quality efforts focus on the customer and their system. 
For example, through strict attention to customers’ component 
and system requirements Atmel has achieved preferred supplier 
status. To attain this level of customer confidence the Company 
demonstrates a commitment to quality control in all areas of the 
operation. This includes purchase control, in-process quality 
control, and statistical quality control. 


Purchase Control 

Every manufacturing process relies on its raw materials, and 
incoming inspection plays a vital role in the quality of those raw 
materials. At Atmel, incoming inspection is supplemented by 
supplier audits, historical review of supplier quality and insis- 
tence that suppliers use SPC. 


In-process Quality Control 

Once raw materials are controlled, the processes that transform 
them into a final product must also be controlled. This is done 
through inspection of product at critical, interim stages of man- 
ufacturing. Also included is the auditing of personnel and oper- 
ations to insure that the proper procedures are being followed. 


Statistical Quality Control 

Immediate action is taken by the manufacturing organization 
when discrepancies are found during an inspection. At Atmel, a 
typical discrepancy results in permanent corrective action. 


However, another vital function of quality control is the report- 
ing of longer-term trends and statistics based upon individual 
control functions. Statistical quality control can be used to high- 
light increases in defects or errors in a department, for example. 
Atmel uses this information to take preventative action when a 
negative trend is detected. 


Audits 

Atmel maintains a self-audit group that continually monitors 
compliance to internal procedures and to customer specifica- 
tions. The findings of this group are routinely reported to man- 
agement to insure that adequate corrective actions are taken for 
any deficiencies. 


Process Out Of Control 
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Understanding Reliability 

For integrated circuits, reliability is commonly defined as the 
probability that a device will operate properly for a given period 
of time, under specific environmental and electrical conditions. 
Although various methods exist for expressing reliability, it is 
most commonly presented in terms of probability of failure. 


Reliability Modeling 

Applying test data to general failure distribution curves, such as 
Weibull or lognormal curves, requires that the data fit the distri- 
bution and that the model is physically and mathematically rea- 
sonable with respect to the failure mechanism. Developing an 
accurate reliability model requires consideration of non-test-re- 
lated failures as well as unidentified failure mechanisms. 
Atmel’s reliability program is built on an understanding of the 
assumptions and restrictions inherent in practical reliability 
testing. 


Design for Reliability 

Many reliability concerns can be minimized with proper design 
techniques. For example ESD, which contributes to production 
yield loss and is a potential reliability problem, can be reduced 
or eliminated through the establishment of adequate design 
rules. Atmel’s reliability assurance systems insure that data 
taken from actual product testing is fed back to design groups 
for verification of models and design rule updates. 


Reliability Assurance Concepts 

Accelerated Testing 

During its life cycle, an integrated circuit passes through three 
distinct phases which are best defined by the failure rate of the 
device. In order to determine the actual interval associated with 
each phase, a significant number of cumulative failures (usually 
50 percent) must be observed. Due to the dramatically small 
failure rates of integrated circuits, testing under normal operat- 
ing conditions provides little or no useful data for forecasting 
reliability. An alternative is to increase stress levels above nor- 
mal, thereby accelerating the development of failure mecha- 
nisms over time. Determining proper stress conditions that lead 
to realistic failures (those that could occur under normal condi- 
tions) without introducing unwanted mechanisms is a primary 
concern of the Reliability Engineer. 


Atmel’s Reliability group uses a variety of tests designed to ac- 
celerate specific failures and reduce the probability of spurious 
results. Variables such as temperature, voltage, currents, hu- 
midity and radiation can be controlled during testing to influ- 
ence operational parameters of the device. Stress also can be 
selectively increased to affect specific circuit elements. To 
quantify the degree of failure acceleration due to increased 
stress, the industry has developed a number of physical models. 
By utilizing these models, relatively short-term, high-stress test 
results can be used to predict device performance under normal 
operating conditions. 


Failure Rates 

Because the failure rate of an integrated circuit varies during its 
life span, product reliability is best described as the failure rate 
of units operating after a specified number of hours. This is 
called Instantaneous Failure Rate, or IFR. Other measures in- 
clude Average Failure Rate, the average of the IFR over a pe- 
riod of time, and Cumulative Failure Rate, the total number of 
failures occurring during operation. Because the integrated cir- 
cuit failure rates are remarkably low, they are normally mea- 
sured with respect to billions of device hours. This value, re- 
ferred to as a FIT, is defined as failures per one billion hours of 
device operation. 


Failure Mechanisms 

Integrated circuit failure mechanisms can be classified as either 
process anomalies or wear-out mechanisms. Process anomalies 
result from less than ideal process conditions and include prod- 
uct defects such as contamination, step coverage deficiencies 
and electrostatic discharge (ESD) damage. Often termed "qual- 
ity" problems, these mechanisms are normally detected through 
process screens such as visual inspection, thermal cycling and 
burn-in. Process anomalies that escape manufacturing screens 
often accelerate or encourage wear-out mechanisms. For exam- 
ple, ESD can weaken insulating oxides or thin metallization al- 
lowing dielectric breakdown or electromigration failures to 
occur earlier in the life cycle. 


Wear-out mechanisms are directly related to the useful life of 
device materials, their physical properties, and interactions oc- 
curring at material interfaces. Because wear-out mechanisms 
result from intrinsic physical properties of the materials, reduc- 
ing these failures requires attention at the design level, strict 
control of process variation, and use of high quality materials 
and composites. 


Of the failure mechanisms studied by Reliability, electromigra- 
tion, time-dependent dielectric breakdown and latch-up are the 
primary concerns. 


ELECTROMIGRATION: One of the more studied problems 
in integrated circuit design and production is electromigration. 
Devices utilizing aluminum conductors are most susceptible to 
the phenomena. Electrons flowing in the conductor effectively 
collide with aluminum atoms, pushing them away and eventu- 
ally forming an open circuit. Design, wafer process control, 
metal composition, temperature and current density determine 
how long a device will operate before electromigration results 
in a failure. Atmel’s experimental electromigration models and 
associated research have resulted in design and production tech- 
niques which decrease this risk. One such technique adds a 
small quantity of copper to the aluminum. This greatly en- 
hances the current carrying capability of the metal, reducing the 
occurrence of electromigration. 
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TIME-DEPENDENT DIELECTRIC BREAKDOWN: Re- 
duced dielectric strength in MOS capacitors is caused by the 
accumulation of electric charge in a gate oxide, which limits the 
operational life of the device. Experiments performed on 
CMOS and Bipolar Enhanced MOS (BEMOS) devices indicate 
that Atmel’s dielectrics and related processes provide excellent 
resistance to long-term degradation and failure, even at the high 
voltage levels typical in non-digital circuit applications. 


LATCH-UP: Latch-up in a CMOS device allows extremely 
high current to flow, often resulting in open circuit traces or 
bond wires. The condition can occur in any PNPN structure. 
Proper design and Atmel’s proprietary process have eliminated 
this problem before it occurs. 


The Bathtub Curve 

The traditional "bathtub" curve used to describe the failure rate 
of a product is actually a combination of two exponential failure 
rate models. The first model begins with a high failure rate and 
rapidly declines to a low, nearly constant level. This model de- 
scribes the early-life reliability of an integrated circuit. Atmel’s 
incoming material inspection, production test and process con- 
trols identify and remove potential phase one failures before 
they are shipped to a customer. Test and screening limits have 


Reliability Life (Bathtub) Curve 
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been established through characterization and qualification of 
the processes used in fabrication. DOE and SPC are used to 
maintain process stability and repeatability throughout design, 
product development and production. 


The second model that makes up the "bathtub curve" starts with 
a low, relatively constant failure rate and climbs exponentially 
after some period of time. This is the phase three wear-out stage 
where mechanisms such as electromigration and oxide break- 
down predominate. Through rigorous analysis of phase three 
failures, Atmel has developed techniques to optimize material 
life. The result is a forestalled phase three period and conse- 
quently, an increased phase two period. 


By combining these two models, a bathtub-shaped curve repre- 
senting the lifetime of the product is formed. The nearly flat 
portion of the curve is the result of a mathematical summation 
of the "tails" of the two models and represents phase two. A 
low, stable failure rate is characteristic of this stage as failures 
observed during this period are random in nature. These ran- 
dom failures are usually the result of sudden exposure to over- 
stress conditions or rare occurrences of wear-out type mecha- 
nisms. Devices shipped to the customer are in this stable portion 
of their lifetime. 
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Manufacturing for Quality and Reliability 

All Atmel products are manufactured to the standards of Mili- 
tary Standard 883D, Class B through wafer fabrication and as- 
sembly as shown in Figure 1. The products then follow different 
test flows that correspond to the different classes of products 
that Atmel offers. 


(1) Commercial Grade. This product follows Test Flow (1), Fig- 
ure 2 and is guaranteed over the temperature range of 0°C to 
+70°C. 


(2) Industrial Grade. This product follows Test Flow (2), Figure 
3 and is guaranteed over the temperature range of -40°C to 
+85°C. 


(3) Quality Enhancement Flow. This product follows Test Flow 
(3), Figure 4 which specifies burn-in of industrial product in a 
standard flow. 


(4) Military Grade. Three classes of military products are of- 
fered by Atmel (MIL-STD-883D, Class B standard product, 


Figure 1. MIL-STD-883D, Class B, Product Flow. 
All Atmel products are manufactured to these standards. 


Wafer Fab Processing 
Wafer Sort Electrical Test 


Assembly. Internal Visual Method 2010 


Condition B Mechanical Tests 


Method 2011 and Method 2019 


To Test Flow 


Standard Military Drawing (SMD) product, and Source Control 
Drawing (SCD) product). The Military Section discusses test 
procedures for these products in detail. 


The Payoff 

The focus of Atmel’s quality and reliability efforts is the cus- 
tomer and his system. The common goals of highest field reli- 
ability and lowest system life cycle cost are achieved through 
close working relationships using programs such as “ship to 
stock”, “just in time”, and “failure trend analysis”. Under these 
programs incoming Atmel circuits go straight to the customers’ 
workfloors— they do not go through an incoming inspection 
cycle. This, of course, lowers manufacturing costs and is a tes- 
timony of the trust that has been established. In addition, long 
term field failures are analyzed so that corrective action plans 
can be implemented. Atmel has developed programs such as 
these with many major customers. 
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Figure 2. Test Flow (1), Commercial Grade Test Flow. 
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Figure 3. Test Flow (2), Industrial Grade Test Flow. 
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Figure 4. Test Flow (3), Quality Enhancement Flow (-9). 
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All Atmel products are manufactured to the 
standards of Military Standard 883D, Class 
B through wafer fabrication and assembly, 
as shown in Figure 1. Military products then 
follow the test flow shown in Figure 2. 


Quality Conformance 
Inspection Data 

As shown in Table 1, Atmel performs 
Groups A, B, C, and D tests in compliance 
with Military Standard 883D, Class B. 
Groups A and B are performed on each in- 
spection lot for MIL-STD-883D, Class B 
products. Groups C and D are periodic in- 
spections as defined in MIL-M-38510. Pre- 
conditioning data, Group A, Group B, 
Group C, and Group D generic data are 
available for customer procurement. 


Military Product Classes 
Atmel offers three classes of military prod- 
ucts: 


(1) MIL-STD-883D, Class B products are 
fully compliant to MIL-STD-883C Para- 


graph 1.2.1, with no exceptions. A Certifi- 
cate of Compliance (C of C) is enclosed 
with each shipment of MIL-STD-883D, 
Class B product. 


(2) Standardized Military Drawing 
(SMD) products are fully compliant to 
MIL-STD-883D Paragraph 1.2.1 with op- 
tional additional tests as specified in the ap- 
plicable Standardized Military Drawing as 
approved by DESC. Section 2, Table 1 lists 
currently approved Atmel SMD parts, or- 
ganized by Atmel part type. Section 2, Table 
2 lists currently approved Atmel SMD parts, 
organized by SMD number. 


(3) Source Control Drawing (SCD) prod- 
ucts are fully compliant to MIL-STD-883D 
Paragraph 1.2.1 with optional additional 
tests as specified by the specific customer 
specification. Atmel must review and accept 
a customer Source Control Drawing prior to 
order acceptance to assure compliance. 


Figure 1. MIL-STD-883D, Class B, Product Flow. 
All Atmel products are manufactured to these standards. 
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Figure 2. Test Flow (3), MIL-STD-883D, Class B, SMD and SCD Test Flow. 
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Table 1. Military Standard 883D, Class B Tests 


Group A: Electrical Tests 
Performed On Each Lot 


MIL-STD-883D Method 5005 
Screen Table 1 Subgroups LPTD 
Static Tests at +25°C 
Static Tests at +125°C 


Static Tests at -55°C 
Dynamic Tests at +25°C 


Function Tests at +25°C 
Function Tests at +125°C 
Function Tests at -55°C 
Switching Tests at +25°C 
Switching Tests at +125°C 
Switching Tests at -55°C 


mPO DMO DB DY YO NYO NY NY NM NM 


Group B: Assembly Integrity Tests 
Performed On Each Lot 


Quantity 
MIL-STD-883D (Accept No. 
Test Method Conditions or LTPD) 


Top and Bottom Marks 4(0) 


2003 +245°C 10 
+/-5°C 
| 
MIL-STD-883D 


Group C: Die Related Tests 
Test Method Conditions 


SUBGROUP 2 
Resistance to Solvents 


SUBGROUP 3 
Solderability 


SUBGROUP 5 
Bond Strength 


Performed Per MIL-STD-883D Paragraph 1.2.1 


SUBGROUP 1 
Steady State Life Test 1005 Condition D 


End Point Electricals 5005 As specified in the 
applicable device 
specification 


AIMEL 155 


15-6 


AIMEL 


Table 1. Military Standard 883D, Class B Tests (continued) 


Group D: Package Related Tests 
Performed Per MIL-STD-883D Paragraph 1.2.1 


By Package Type, Assembly 


Location, and Exterior Lead Finish 


MIL-STD-883D 


SUBGROUP 1 
Physical Dimensions 


SUBGROUP 2 
Lead Integrity 


Seal: Fine 
Seal:Gross 


SUBGROUP 3 
Thermal Shock 
Temperature Cycling 
Moisture Resistance 
End Point Electricals 


Seal: Fine 
Seal: Gross 
Visual Examination 


SUBGROUP 4 
Mechanical Shock 
Vibration Variable Freq. 
Constant Acceleration 
Seal: Fine 

Seal: Gross 

Visual Examination 
End Point Electricals 


SUBGROUP 5 
Salt Atmosphere 
Seal: Fine 

Seal: Gross 

Visual Examination 


SUBGROUP 6 
Internal Water Vapor 
Content 


SUBGROUP 7 
Adhesion of Lead 
Finish 


Test Method Conditions 


MIL-M-38510, Appendix C 


Condition B2 
(Condition D for LCC) 


Conditon A or B 
Condition C 


Condition B, 15 Cycles 
Condition C, 100 Cycles 
10 Cycles 


As specified in the applicable 


device specification 
(within 42 hrs) 


Condition A or B 
Condition C 


Per Visual of 
Method 1004 and 1010 


Condition B 

Condition A 

Condition E, 30 KG., Y1 
Condition A or B 
Condition C 


As specified in the applicable 


device specification 


Condition A 

Condition A or B 

Condition C 

Per Visual of Method 1009 


5,000 PPM Maximum 
Water Content at 100°C 


Glass Frit Seal Only 
(LTPD for Number of Leads) 


Quantity 


(Accept No. 
or LTPD) 


| 3(0)or5 (1) | 


SUBGROUP 8 5 (0) 
Lid Torque 2024 Glass Frit Seal Only 
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Introduction to the SMD Product Listing 


Each Standardized Military Drawing 
(SMD) part number that Atmel supplies cor- 
responds to an Atmel /883 part number. 
SMD products are compliant to MIL-STD- 
883, paragraph 1.2.1 and to the requirements 
of the applicable standardized military 
drawing. The tables in this section list the 
currently approved Atmel SMD parts by 
Atmel part number (Table 1) and by SMD 
part number (Table 2). They define and 
cross reference the Atmel /883 part number 
with the SMD part number for your ordering 
convenience. 


Figure 1 (below) shows how an Atmel 
SMD order number defines a part, com- 
pared to the components of the Atmel sim- 
ilar part number. 


Please note that some SMD part numbers 
contain the letter "M" between the device 
type and the case outline designator. The 
"M" is part of the one part-one number sys- 
tem, set up by DESC. It is a device class des- 
ignator which indicates the part is an SMD 
part number as opposed to being a JAN part 
number. 


Figure 1. Components of an SMD number (top) compared to the Atmel similar part 


number (bottom). 
Standrardized Device 
Military Drawing SMD _ Class 
(SMD) Device Designator Case Outline Lead 
Number Type (M=SMD part) (SMDCode) Finish 


Atmel Part 


Number Speed 


5962-38267 01 M YX 


Case Outline 
(Atmel Code) 


Temperature Military 
Range Comliance 
(M=Military) | Designator 


AT28C010-25LM/883 


AIMEL 


Standard 
Military 
Drawing 
Product 
Offering 
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How to Use the Atmel Part Type Reference Table 


The organization of Table 1 enables the purchaser to order a 
standardized military part by using the Atmel generic part type 
to locate the correct SMD drawing number. The SMD part 
number is the order number for SMD devices. The Atmel ge- 
neric part type, which begins with the prefix "AT," heads Table 
1. There are four sections in this table (see the sample table 
below): 


SMD Options 
The first section lists the SMD options available at Atmel. It 
includes the industry generic part type, the SMD drawing num- 
ber, and the SMD device type. The SMD case outline options, 
the lead finish options, the circuit description, and the access 
time that correspond to that device type are also included. The 
tables for the EPROM in this section include the end write in- 
dicator in the circuit de- 


Device Circult Description 
Type End Write indicator Tinted 


X, Y,Z|X, A, C| 128K x 8, 1-Mbit E27PROM Bye 
Data Polling Page 
X, Y, Z| X, A, C| 128K x 8, 1-Mbit E2PROM Bytes 
Data Polling Page 


AT28C010 
conte Nate | Sand an Ong oer 
SMD Options 
with Part Description 
and Specifications 
Order Code 6h 5962-38267 01M XX 
Cross-Reference 5962-38267 01M YX 


5962-38267 O1M ZX 
5962-38267 O3M XX 
5962-38267 03M YX 
5962-38267 03M ZX 


scription column and the write mode for the specific device 
type. 

Order Code Cross-Reference 

The next section of the table cross-references each optionally 
complete SMD part number (see @ below) with the Atmel sim- 
ilar /883 part number (see @ below). 


Case Outline Legend 
The third section gives the SMD case outli::e options available 
for the device. 


Lead Finish Legend 
The last section lists the SMD lead finish options available for 
the device. 


Description 


Fi 


Aime! Similar Part Number 
3 AT28C010-25BMW/883 
AT28C010-25LM/883 
AT28C010-25FM/883 
AT28C010-20BM/883 
AT28C010-20LM/883 
AT28C010-20FM/883 


| =X | 328, 32 Lead, 0.600" Wide, Ceramic Side Braze Dual Inline (Side Braze) 

| ¥ | 44L, 44 Pad, Non-Windowed, Ceramic Leadiess Chip Carrier (LCC) 

| oz | 32F, 32 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
Lead Finish 


Case Outline Legend 


Lead Finish Legend 


|X | Allows Hot Tin Dip or Gold (AU) 
| A | HotTin Dip 
| ¢ | Gold (AU) 


[| 


How to Use the Atmel SMD Number Reference Table 


Table 2 allows quick reference to the Atmel /883 similar part 
number when the SMD part number is known by the purchaser. 
The head for Table 2 is the SMD drawing number (see the ex- 
ample table below). The only section in this table is a cross-ref- 
erence between the optionally complete SMD drawing number 
(see @ below) and the corresponding Atmel similar /883 part 


Order Codes 


a 


Circuit Description Access 
End Write indicator Tihme(ns) 


5962-38267 01M XX | AT28C010-25BM/883 


5962-38267 01M YX | AT28C010-25LM/883 


Order Code 
Cross-Reference 


5962-38267 01M ZX | AT28C010-25FM/883 


5962-38267 03M XX | AT28C010-20BM/883 
5962-38267 03M YX | AT28C010-20LM/883 


5962-38267 03M ZX | AT28C010-20FM/883 
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number (see @ below). It also includes the circuit description 
and access time for that part number. The E2PROM tables in- 
clude the end write indicator (which is in the circuit description 
column) the write mode, the write speed, and the endurance cy- 
cles for the specific part number. 


Part Description and Specifications 
| 


128K x 8, 1-Mbit E°-PROM 
Data Polling 
128K x 8, 1-Mbit E2PROM 
Data Polling 
128K x 8, 1-Mbit E°-PROM 
Data Polling 
128K x 8, 1-Mbit E°7PROM 
Data Polling 
128K x 8, 1-Mbit E7PROM 
Data Polling 
128K x 8, 1-Mbit E°-PROM 
Data Polling 


SVO FProcUctS tsevsenemesesseesN Seem 


SMD Products 


Table 1. Atmel SMD Part Types, Listed by Atmel Part Number 


AT22V10 


C22V10 Drawing Device Case Lead TPD 
Number Type Outline Finish Circuit Description (ns) 


5962-87539 01 22-Input, 10-Output and-or-Logic Array 

5962-87539 02 22-Input, 10-Output and-or-Logic Array 

5962-87539 03 22-Input, 10-Output and-or-Logic Array 
04 


5962-87539 


22-Input, 10-Output and-or-Logic Array 


Atmel Cage No. Example: Atmel Order Number Atmel Similar Part Number 
— 5962-87539 AT22V10-25YM/883 
5962-87539 AT22V10-25DM/883 
5962-87539 AT22V10-25LM/883 
5962-87539 AT22V10-30YM/883 
5962-87539 AT22V10-30DM/883 
5962-87539 AT22V10-30LM/883 
5962-87539 AT22V10-40YM/883 
5962-87539 AT22V10-40DM/883 
5962-87539 AT22V10-40LM/883 
5962-87539 AT22V10-20YM/883 
5962-87539 AT22V10-20DM/883 
5962-87539 AT22V10-20LM/883 


Case Outline 


| _K___| 24CW, 24 Lead, Windowed, Ceramic FlatPackage(Cerpack) 
[3 | 20Lw, 28 Pad, Windowed, CeramicLeadless ChipCarfer(CO) 
|X | AllowsHotTinDiporGold (AU) —“‘“—*s~s~—~—C—CCCid 
PA | HotTinDip 
| ic 


Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT22V10L 


C22V10L Drawing Device Case Lead TPD 
Number Type Outline Finish Circuit Description (ns) 
1 


y 
5962-88724 0 K,L,3 | X,A,C | 22-Input, 10-Output and-or-Logic Array 
5962-88724 02 K,L,3 | X,A,C | 22-Input, 10-Output and-or-Logic Array 
03 
04 


5962-88724 
5962-88724 


K,L,3 | X,A,C | 22-Input, 10-Output and-or-Logic Array 
K,L,3 | X,A,C |} 22-Input, 10-Output and-or-Logic Array 
Atmel Cage No. Example: Atmel Order Number Atmel Similar Part Number 
— 5962-88724 01 KX AT22V10L-25YM/883 
5962-88724 01 LX AT22V10L-25DM/883 
5962-88724 01 AT22V10L-25LM/883 
5962-88724 02 KX AT22V10L-30YM/883 
5962-88724 02 LX AT22V10L-30DM/883 
5962-88724 02 AT22V10L-30LM/883 


5962-88724 03 KX AT22V10L-40YM/883 
5962-88724 03 LX AT22V10L-40DM/883 
5962-88724 03 3X AT22V10L-40LM/883 
5962-88724 04 KX AT22V10L-20YM/883 
5962-88724 04 LX AT22V10L-20DM/883 
5962-88724 04 3X AT22V10L-20LM/883 


Case Outline 


|X | AllowsHotTinDiporGold (AU) —CSSCSCSCiC‘S 
a HotTndp 
PC | God (AU) 
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SMD Products 


Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT22V10 OTP 


C22V10 OTP Drawing Device Case Lead TPD 
Number Type Outline Finish Circuit Description (ns) 


5962-88670 01 22-Input, 10-Output and-or-Logic Array 25 
5962-88670 02 30 
5962-88670 03 40 
5962-88670 04 20 
5962-88670 05 15 


22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
Example: Atmel Order Number Atmel! Similar Part Number 
5962-88670 01 KX AT22V10-25FM/883 


22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 


Atmel Cage No. 
1FN41 


5962-88670 01 LX AT22V10-25GM/883 
5962-88670 01 3X AT22V10-25NM/883 
5962-88670 02 KX AT22V10-30FM/883 
5962-88670 02 LX AT22V10-30GM/883 
5962-88670 02 3X AT22V10-30NM/883 
5962-88670 03 KX AT22V10-40FM/883 
5962-88670 03 LX AT22V10-40GM/883 
5962-88670 03 3X AT22V10-40NM/883 
5962-88670 04 KX AT22V10-20FM/883 
5962-88670 04 LX AT22V10-20GM/883 
5962-88670 04 3X AT22V10-20NM/883 
5962-88670 05 KX AT22V10-15FM/883 
5962-88670 05 LX AT22V10-15GM/883 
5962-88670 05 3X AT22V10-15NM/883 


Case Outline 


| K | 24C, 24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 
24D3, 24 Lead 0.300" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


28L, 28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


|X | AllowsHotTinDiporGold (AU) 
PA | HotTinDip 
| C | Go (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT22V10L OTP 


5962-89755 01 22-Input, 10-Output and-or-Logic Array 25 
5962-89755 02 30 
5962-89755 03 40 
5962-89755 04 K,L,3 | X,A,C | 22-Input, 10-Output and-or-Logic Array 20 


Generic Number Standardizedized Military Drawing Number Description 
22-Input, 10-Output and-or-Logic Array 
Example: Atmel Order Number Atmel Similar Part Number 


C22V10L OTP Drawing Device Case Lead TPD 
Number Type Outline Finish Circuit Description (ns) 
22-Input, 10-Output and-or-Logic Array 
5962-89755 AT22V10L-25FM/883 


Atmel Cage No. 
1FN41 


5962-89755 01 LX AT22V10L-25GM/883 
5962-89755 01 3X AT22V10L-25NM/883 
5962-89755 02 KX AT22V10L-30FM/883 
5962-89755 O02 LX AT22V10L-30GM/883 
5962-89755 02 3X AT22V10L-30NM/883 
5962-89755 03 KX AT22V10L-40FM/883 
5962-89755 03 LX AT22V10L-40GM/883 
5962-89755 03 3X AT22V10L-40NM/883 
5962-89755 04 KX AT22V10L-20FM/883 
5962-89755 04 LX AT22V10L-20GM/883 
5962-89755 04 AT22V10L-20NM/883 


Case Outline 
| KK | 24C, 24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 
24D3, 24 Lead 0.300" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


28L, 28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


|X | AllowsHotTinDiporGold (AU) 
PA HotTinDip 


Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


ATV750 


Generic Number Standardized Military Drawing Number Description 


5962-88726 22-Input, 10-Output and-or-Logic Array 
5962-88726 22-Input, 10-Output and-or-Logic Array 


5962-88726 22-Input, 10-Output and-or-Logic Array 
5962-88726 


Atmel Cage No. Atmel Similar Part Number 
ea 5962-88726 01 ATV750-40DM/883 
5962-88726 01 ATV750-40LM/883 
5962-88726 02 ATV750-35DM/883 
5962-88726 02 ATV750-35LM/883 
5962-88726 03 ATV750-25DM/883 
5962-88726 03 ATV750-25LM/883 
5962-88726 04 ATV750-20DM/883 
5962-88726 04 ATV750-20LM/883 


ATV750L 


Number Type Outline Finish Circuit Description (ns) 
eee L,3 22-Input, 10-Output and-or-Logic Array ey 
5962-88726 07 L,3 X, A, C | 22-Input, 10-Output and-or-Logic Array 


aii 5962-88726 06 LX ATV750L-30DM/883 
5962-88726 06 3X ATV750L-30LM/883 
5962-88726 07 LX ATV750L-25DM/883 
5962-88726 07 3X ATV750L-25LM/883 


Case Outline 
24DW3, 24 Lead 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
L 28LW, 28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
Lead Finish 
|X | Allows Hot Tin Dip or Gold (AU) 
— Hot Tin Dip 


Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


ATV2500H 


Generic Number Standardized Military Drawing Number Description 


X, A, C | 38-Input, 24-Output and-or-Logic Array 


V2500 Drawing Device Case Lead 
Number Type Outline Finish Circuit Description 
5962-91545 01 Q,X,Y 
5962-91545 02 Q,X,Y | X,A,C | 38-Input, 24-Output and-or-Logic Array 


Atmel Cage No. Example: 
1FN41 


Atmel Order Number 

5962-91545 01M QX 
5962-91545 O1M XX 
5962-91545 O1M YX 
5962-91545 02M QX 
5962-91545 O2M XX 
5962-91545 02M YX 


Atmel Similar Part Number 
ATV2500H-35DM/883 
ATV2500H-35LM/883 
ATV2500H-35KM/883 
ATV2500H-25DM/883 
ATV2500H-25LM/883 
ATV2500H-25KM/883 


ATV2500L 


V2500L Drawing Device Case Lead TPD 
Number Type Outline Finish Circuit Description (ns) 
5962-91545 38-Input, 24-Output and-or-Logic Array 30 

Atmel Cage No, 


1FN41 ATV2500L-30DM/883 


ATV2500L-30LM/883 
ATV2500L-30KM/883 


5962-91545 03M QX 
5962-91545 O3M XX 
5962-91545 03M YX 


Case Outline 
| Q | 40DW6, 40 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
| * | 44LW, 44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
44KW, 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 

Lead Finish 


|X | Allows Hot Tin Dip or Gold (AU) 
| A | HotTin Dip 
| ¢ | Gold (AU) 


15-14 er ee 


Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


0 ES 


Generic Number 


27C256R Drawing 
Number 


Atmel Cage No. 


1FN41 


Standardized | Standardized Military Drawing Number Drawing Number 


— 
Type 
01 


5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 


5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 
5962-86063 


06 


06 
06 


5962-86063 07 


5962-86063 
5962-86063 


07 
07 


Case Outline 


| Description 


32K x 8 EPROM 
32K x 8 EPROM 
32K x 8 EPROM 
32K x 8 EPROM 
32K x 8 EPROM 
32K x 8 EPROM 
32K x 8 EPROM 


AT27C256R-20DM/883 
AT27C256R-20LM/883 
AT27C256R-20KM/883 
AT27C256R-25DM/883 
AT27C256R-25LM/883 
AT27C256R-25KM/883 
AT27C256R-30DM/883 
AT27C256R-30LM/883 
AT27C256R-30KM/883 
AT27C256R-17DM/883 
AT27C256R-17LM/883 
AT27C256R-17KM/883 
AT27C256R-15DM/883 
AT27C256R-15LM/883 
AT27C256R-15KM/883 
AT27C256R-12DM/883 
AT27C256R-12LM/883 
AT27C256R-12KM/883 
AT27C256R-90DM/883 
AT27C256R-90LM/883 
AT27C256R-90KM/883 


SMD Products 


Lead Access 
ona Finish Circuit Description Time (ns) 
200 


250 
300 
170 
170 
120 
90 


Example: Atmel Order Number Atmei Similar Part Number 


|X | 32DW6, 32 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
32LW, 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


|X | AllowsHotTinDiporGold (AU) 
a rotinp 
PC | Go (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT27HC256R 


Generic Number Standardized Military Drawing Number Description 


27HC256R Drawing Device Case Access 
Number Type Outline Circuit Description Time (ns) 
5962-86063 | 08 | Xx,Y,Z 32K x 8 EPROM 70 


5962-86063 08 XX AT27HC256R-70DM/883 
5962-86063 08 YX AT27HC256R-70LM/883 
5962-86063 08 ZX AT27HC256R-70KM/883 


Atmel Cage No. 
1FN41 


Case Outline 
| =X | 28DW6, 28 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
32LW, 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 

| Z| 32KW, 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 

Lead Finish 


Allows Hot Tin Dip or Gold (AU) 
Hot Tin Dip 
Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT27C512R 
Standardized Military Drawing Number 


27C512R Drawing Device Case Lead Access 
Number Type Outline Finish Circuit Description Time (ns) 
64K x 8 EPROM 250 


5962-87648 01 64K x 8 EPROM 150 
5962-87648 02 

5962-87648 03 

5962-87648 04 X, Y,Z | X,A,C | 64K x 8 EPROM 


64K x 8 EPROM 200 
Example: Atmel Order Number Atmel Similar Part Number 


120 


Atmel Cage No. 
1FN41 


5962-87648 01 XX AT27C512R-15DM/883 
5962-87648 01 YX AT27C512R-15LM/883 
5962-87648 01 ZX AT27C512R-15KM/883 
5962-87648 02 XX AT27C512R-20DM/883 
5962-87648 02 YX AT27C512R-20LM/883 
5962-87648 02 ZX AT27C512R-20KM/883 
5962-87648 03 XX AT27C512R-25DM/883 
5962-87648 03 YX AT27C512R-25LM/883 
5962-87648 03 ZX AT27C512R-25KM/883 
5962-87648 04 XX AT27C512R-12DM/883 
5962-87648 04 YX AT27C512R-12LM/883 
5962-87648 04 AT27C512R-12KM/883 


Case Outline 
28DW6, 28 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


32LW, 32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
2 | 32KW, 32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


Lead Finish 


Allows Hot Tin Dip or Gold (AU) 


| A | HotTin Dip 
Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT27C010 


Generic Number Standardized Military Drawing Number Description 


270010 Drawing Device Case Lead Access 
Number Type Outline Finish Circuit Description Time (ns) 
128K x 8, 1-Mbit EPROM 


5962-89614 01 128K x 8, 1-Mbit EPROM 
5962-89614 02 
5962-89614 03 
5962-89614 04 
5962-89614 05 
5962-89614 06 128K x 8, 1-Mbit EPROM 


128K x 8, 1-Mbit EPROM 
Example: Atmel Order Number Atmel Similar Part Number 


128K x 8, 1-Mbit EPROM 
128K x 8, 1-Mbit EPROM 


Atmel Cage No. 
1FN41 


5962-89614 01M XX AT27C010-30DM/883 
5962-89614 01M YX AT27C010-30LM/883 
5962-89614 02M XX AT27C010-25DM/883 
5962-89614 02M YX AT27C010-25LM/883 
5962-89614 03M XX AT27C010-20DM/883 
5962-89614 03M YX AT27C010-20LM/883 
5962-89614 O4M XX AT27C010-17DM/883 
5962-89614 04M YX AT27C010-17LM/883 
5962-89614 O5M XX AT27C010-15DM/883 
5962-89614 05M YX AT27C010-15LM/883 
5962-89614 O6M XX AT27C010-12DM/883 


5962-89614 O6M AT27C010-12LM/883 


Case Outline 


|X | 32DW6, 32 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
|X | AllowsHotTinDiporGold (AU) —“‘“S*s*~*~s~SCSCSCSCsd 
a vottindp 
| C | Go (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT27C1024 


Atmel Cage No. 
1FN41 


5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 


Case Outline 


64K x 16, 1-Mbit EPROM 

64K x 16, 1-Mbit EPROM 

64K x 16, 1-Mbit EPROM 

64K x 16, 1-Mbit EPROM 

64K x 16, 1-Mbit EPROM 

64K x 16, 1-Mbit EPROM 
Atmel Similar Part Number 
AT27C1024-30DM/883 
AT27C1024-30LM/883 
AT27C1024-25DM/883 
AT27C1024-25LM/883 
AT27C1024-20DM/883 
AT27C1024-20LM/883 
AT27C1024-17DM/883 
AT27C1024-17LM/883 
AT27C1024-15DM/883 
AT27C1024-15LM/883 
AT27C1024-12DM/883 
AT27C1024-12LM/883 


SMD Products 


Drawing Device Case Lead 
Number Type Outline Finish Circuit Description 


5962-86805 01 
5962-86805 02 
5962-86805 03 
5962-86805 04 
5962-86805 05 
5962-86805 06 


Example: Atmel Order Number 


| _Q__| 40DW6, 40 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
[x | 4a, 44 Pad, Windowed, Ceramic Leadess ChipCarrer (LCC) 
|X| AllowsHotTinDiporGold (AU) 
PA | HotTinDip 


Gold (AU) 


AIMEL 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT27HC1024 


Number = Outline Finish Circuit Description Time (ns) 
5962-86805 Q,X | X,A,C | 64K x 16, 1 mat EPROM 
Atmel Cage No. 


nee 5962-86805 07 QX AT27HC1024-90DM/883 
5962-86805 07 XX AT27HC1024-90LM/883 
5962-86805 08 QX AT27HC1024-70DM/883 
5962-86805 08 XX AT27HC1024-70LM/883 
Case Outline 
40DWE6, 40 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
44LW, 44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
Lead Finish 


Allows Hot Tin Dip or Gold (AU) 


Hot Tin Dip 


| ¢ | Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT27HC641R 


27HC641R Drawing Device Case Lead Access 
Number Type Outline Finish Circuit Description Time = 


5962-87515 01 8K x 8 [UV] PROM 

5962-87515 02 LK, ,A,C | 8Kx 8 [UV] PROM - 
5962-87515 03 K, ,A,C | 8Kx 8 [UV] PROM 70 
5962-87515 04 | J,K,3 | X,A,C | 8Kx8[UV] PROM 90 


Example: Atmel Order Number Atmel Similar Part Number 
5962-87515 01 JX AT27HC641R-45DM/883 
5962-87515 01 KX AT27HC641 R-45CM/883 


Atmel Cage No. 
1FN41 


5962-87515 01 3X AT27HC641R-45LM/883 
5962-87515 02 JX AT27HC641R-55DM/883 
5962-87515 02 KX AT27HC641R-55CM/883 
5962-87515 02 3X AT27HC641R-55LM/883 
5962-87515 03 JX AT27HC641R-70DM/883 
5962-87515 03 KX AT27HC641R-70CM/883 
5962-87515 03 3X AT27HC641R-70LM/883 
5962-87515 04 JX AT27HC641R-90DM/883 
5962-87515 04 KX AT27HC641R-90CM/883 


5962-87515 04 3X AT27HC641R-90LM/883 


Case Outline 


| _K___| 24CW, 24 Lead, Windowed, Ceramic FlatPackage (Cerpack) 
| 3 | 28LW, 28 Pad, Windowed, CeramicLeadlessChipCarrier (LCC) 
|X| AllowsHotTinDiporGold (AU) 
PA | HotTinDip 
PC | Go (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT27HC642R 
Standardized Miltary Drawing Number 


27HC642R Drawing Device Case Lead Access 
Number Type Outline Finish Circuit Description Time (ns) 
L 


y 
5962-87515 01 8K x 8 [UV] PROM 45 
5962-87515 02 L 8K x 8 [UV] PROM 55 
5962-87515 03 L 8K x 8 [UV] PROM 70 
5962-87515 04 L | x,A,C | 8Kx8[UV] PROM 90 


Atmel Cage No. Example: Atmel Order Number Atmel Similar Part Number 

Lali 5962-87515 01 LX AT27HC642R-45DM/883 

5962-87515 02 LX AT27HC642R-55DM/883 

5962-87515 03 LX AT27HC642R-70DM/883 

5962-87515 04 LX AT27HC642R-90DM/883 
Case Outline 

24DW3, 24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 

Lead Finish 


|X | Allows Hot Tin Dip or Gold (AU) 
| oA | Hot Tin Dip 
| ¢ | Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28C64 


Generic Number Standardized Military Drawing Number Description 


28C64 Drawing |Device} Case Lead Circuit Description Write Access Write | Endurance 
Number Type Outline Finish End Write indicator Mode Time(ns) | Speed(ms)| (Cycles) 
350 10K 


5962-87514| 13 8K x 8 E7PROM 
Rdy/Busy 


5962-87514 8K x 8 E°7PROM 


14 
Rdy/Busy 

5962-87514] 15 8K x 8 E-7PROM 
Rdy/Busy 

16 
17 


5962-87514 


8K x 8 E7PROM 
Rdy/Busy 


8K x 8 E-PROM 
Rdy/Busy 


5962-87514 


Atmel Cage No. 
1FN41 


5962-87514 AT28C64-35DM/883 
5962-87514 AT28C64-35LM/883 
5962-87514 AT28C64-35FM/883 
5962-87514 AT28C64-30DM/883 
5962-87514 AT28C64-30LM/883 
5962-87514 AT28C64-25DM/883 
5962-87514 AT28C64-25LM/883 
5962-87514 AT28C64-25FM/883 
5962-87514 AT28C64-20DM/883 
5962-87514 AT28C64-20LM/883 
5962-87514 AT28C64-15DM/883 
5962-87514 AT28C64-15LM/883 
Case Outline 


xX 

2 | 26F, 28 Lead, Non-Windowed, Ceramic Botom-Brazed Flat Package (Fatback) 
|X | AllowsHotTinDiporGold(AU) 
| =A | Hot Tin Dip 

Gold (AU) 


Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28C64X 


Generic Number Standardized Military Drawing Number Description 


28C64X Drawing |Device} Case Lead | Circuit Description Write Access Write | Endurance 
Number Type Outline Finish End Write Indicator Mode Time(ns) |Speed(ms)| (Cycles) 
5962-87514| 18 8K x 8 E7PROM 350 1 10K 
Data Polling 
5962-87514] 19 8K x 8 E7PROM 
20 


Data Polling 
8K x 8 E7PROM 
Data Polling 
8K x 8 E7PROM 
Data Polling 


8K x 8 E-PROM 
Data Polling 


5962-87514 


5962-87514} 21 


Atmel Cage No. 
1FN41 


5962-87514 AT28C64X-35DM/883 


5962-87514 18 YX AT28C64X-35LM/883 
5962-87514 19 XX AT28C64X-30DM/883 
5962-87514 19 YX AT28C64X-30LM/883 
5962-87514 20 XX AT28C64X-25DM/883 
5962-87514 20 YX AT28C64X-25LM/883 
5962-87514 20 ZX AT28C64X-25FM/883 
5962-87514 21 XX AT28C64X-20DM/883 
5962-87514 21 YX AT28C64X-20LM/883 
5962-87514 22 XX AT28C64X-15DM/883 
5962-87514 22 YX AT28C64X-15LM/883 


Case Outline 
ban ee | 28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
|Z ___| 28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpacky) 
|X | AllowsHotTinDiporGold (AU) 
| A | HotTin Dip 
| © | GoM) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28HC64L 


28HC64L Drawing |Device| Case Lead | Circuit Description Write Access Write | Endurance 
Number Type Outline Finish | End Write Indicator Mode Time(ns) |Speed(ms)| (Cycles) 


5962-87514 X,Y |X,A,C| 8Kx8E°PROM |Byte/Page| 120 10K 
Data Polling 

5962-87514 X,Y |X,A,C| 8Kx8E°PROM |Byte/Page| 90 10K 
Data Polling 

5962-87514 X,Y |X,A,C | 8Kx8E°PROM |Byte/Page| 70 10K 
Data Polling 


Atmel! Cage No. Example: Atmel Order Number Atmel Similar Part Number 
— 5962-87514 10 XX AT28HC64L-12DM/883 
5962-87514 10 YX AT28HC64L-12LM/883 
5962-87514 11 XX AT28HC64L-90DM/883 
5962-87514 11 YX AT28HC64L-90LM/883 
5962-87514 12 XX AT28HC64L-70DM/883 
5962-87514 12 YX AT28HC64L-70LM/883 
Case Outline 
|X | 28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
PY 32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
Lead Finish 


Y 
|X | Allows Hot Tin Dip or Gold (AU) 


Hot Tin Dip 


| © — | Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28PC64 


Generic Number Standardized Military Drawing Number Description 


28PC64 Drawing (Device; Case Lead | Circuit Description Write Access Write | Endurance 
Number Type | Outline Finish | End Write Indicator Mode Time(ns) |Speed(ms)| (Cycles) 


. 06 8K x 8 E°PROM |Byte/Page| 350 10K 
Data Polling 

5962-87514| 07 8K x 8 E°PROM |Byte/Page| 300 10K 
Data Polling 

5962-87514| 08 8K x 8 E°PROM |Byte/Page| 250 10K 
Data Polling 

5962-87514| 09 8K x 8 E°PROM |Byte/Page| 200 10K 


Data Polling 


Atmel Cage No. 
1FN41 


Example: Atmel Order Number Atme! Similar Part Number 


5962-87514 06 XX AT28PC64-35DM/883 
5962-87514 06 YX AT28PC64-35LM/883 
5962-87514 O07 XX AT28PC64-30DM/883 
5962-87514 O07 YX AT28PC64-30LM/883 
5962-87514 08 XX AT28PC64-25DM/883 
5962-87514 08 YX AT28PC64-25LM/883 
5962-87514 09 XX AT28PC64-20DM/883 


5962-87514 09 YX AT28PC64-20LM/883 


Case Outline 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 

Lead Finish 


Allows Hot Tin Dip or Gold (AU) 


Hot Tin Dip 
Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28C256 


Generic Number Standardized Military Drawing Number Description 


280256 Drawing |Device| Case Lead | Circuit Description bara Access Write | Endurance 
Number = Outline Finish | End Write Indicator = —— aE 


5962-88525 32K x 8 E7PROM aoe 
Data Polling 

5962-88525 32K x 8 E7PROM|Byte/Page 
Data Polling 

5962-88525 32K x 8 E7PROM|Byte/Page 


Data Polling 
32K x 8 E7PROM | Byte/Page 
Data Polling 


X, A, C | 32K x 8 E°PROM|Byte/Page 
Data gyorg ER cr nro ae ae eae: 


5962-88525 


5962-88525 


Atmel Cage No. | Example: Atmel OrderNumber Ss Atmel Similar PartNumber sid Atmel Order Number Atmel Similar Part Number 


1FN41 


5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 
5962-88525 


AT28C256-35UM/883 
AT28C256-35DM/883 
AT28C256-35LM/883 
AT28C256-35FM/883 
AT28C256-30UM/883 
AT28C256-30DM/883 
AT28C256-30LM/883 
AT28C256-30FM/883 
AT28C256-25UM/883 
AT28C256-25DM/883 
AT28C256-25LM/883 
AT28C256-25FM/883 
AT28C256-20UM/883 
AT28C256-20DM/883 
AT28C256-20LM/883 
AT28C256-20FM/883 
AT28C256-15UM/883 
AT28C256-15DM/883 
AT28C256-15LM/883 
AT28C256-15FM/883 
Case Outline 


28U, 28 Pin, Ceramic Pin Grid Array (PGA) 
28D6, 28 Lead, 0. itl Wide, Non- pl sccbadase eam wits Inline Package (Cerdip) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28C256E 


28C256E Drawing Device} Case Lead | Circuit Description Write Access Write | Endurance 
Number Type Outline Finish End Write Indicator Mode Time(ns) |Speed(ms)| (Cycles) 
5962-88525 U, X, Y, Z| X, A, C | 32K x 8 E7PROM|Byte/Page 10 100K 
Data Polling 


Atmel Cage No. Example: Atmel Order Number Atmel! Similar Part Number 


erens 5962-88525 05 UX AT28C256E-25UM/883 
5962-88525 05 XX AT28C256E-25DM/883 
5962-88525 05 YX AT28C256E-25LM/883 
5962-88525 05 ZX AT28C256E-25FM/883 
Case Outline 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
Lead Finish 


Allows Hot Tin Dip or Gold (AU) 
Hot Tin Dip 
Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28C256F . 
Standardized Military Drawing Number 


28C256F Drawing Device Case Lead Circuit Description Write Access Write Endurance 
Number Type | Outline Finish | End Write Indicator Mode Time(ns) |Speed(ms)} (Cycles) 
5962-88525| 07 |U, X, Y,Z| X,A,C | 32K x 8 E°PROM|Byte/Page| 150 
Data Polling 


Atmel Cage No. Example: Atmel Order Number Atmel Similar Part Number 


oe 5962-88525 07 UX AT28C256F-15UM/883 
5962-88525 07 XX AT28C256F-15DM/883 
5962-88525 07 YX AT28C256F-15LM/883 
5962-88525 07 ZX AT28C256F-15FM/883 


Case Outline 
| =U | 28U, 28 Pin, Ceramic Pin Grid Array (PGA) 
PX 28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
_— 


28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
Lead Finish 


|X | Allows Hot Tin Dip or Gold (AU) 
| A | Hot Tin Dip 


Gold (AU) 


AT28HC256 
Standardized Military Drawing Number 


28HC256 Drawing |Device| Case Lead Circuit Description Write Access Write | Endurance 

Number Type | Outline Finish | End Write Indicator Mode Time(ns) |Speed(ms)| (Cycles) 

5962-88634] 03 |U, X, Y,Z| X,A,C | 32K x 8 E°7PROM Byte/Page 10 10K 
Data Polling 


Example: Atmel Order Number Atmel Similar Part Number 
5962-88634 03 UX AT28HC256-90UM/883 
5962-88634 03 XX AT28HC256-90DM/883 
5962-88634 03 YX AT28HC256-90LM/883 
5962-88634 03 ZX AT28HC256-90FM/883 


Atmel Cage No. 
1FN41 


Case Outline 
| U—_| 28U, 28 Pin, Ceramic Pin Grid Array (PGA) 
| X | 28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
Zz 


28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
Lead Finish 


Allows Hot Tin Dip or Gold (AU) 


|x| 
| =A | Hot Tin Dip 
xs 


Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28HC256F 


28HC256F Device| Case Circuit Description Write Access Write | Endurance 
Type Outline End Write Indicator Mode Time(ns) |Speed(ms)| (Cycles) 
5962-88634 U, X, Y, Z| X, A, C | 32K x 8 E7PROM|Byte/Page 3 10K 
Data Polling 


Atmel Cage No. Example: Atmel Order Number Atmel Similar Part Number 


lei 5962-88634 04 UX AT28HC256F-90UM/883 
5962-88634 04 XX AT28HC256F-90DM/883 
5962-88634 04 YX AT28HC256F-90LM/883 
5962-88634 04 ZX AT28HC256F-90FM/883 
Case Outline 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 
28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
Lead Finish 


Allows Hot Tin Dip or Gold (AU) 


Hot Tin Dip 


| ¢ | Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28HC256L 
Description 


28HC256L Drawing (|Device} Case Lead | Circuit Description Write Access Write | Endurance 
Number Type | Outline Finish | End Write Indicator Mode Time(ns) | Speed(ms)| (Cycles) 
5962-88634 U, X,Y, Z| X,A,C | 32Kx8 E*PROM Byte/Page| 120 
Data Polling 


Atmel Cage No. Example: Atmel Order Number Atmel! Similar Part Number 
daa 5962-88634 01 UX AT28HC256L-12UM/883 
5962-88634 01 XX AT28HC256L-12DM/883 


5962-88634 01 YX AT28HC256L-12LM/883 


5962-88634 01 ZX AT28HC256L-12FM/883 

Case Outline 

28U, 28 Pin, Ceramic Pin Grid Array (PGA) 

28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 

32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 

28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 

Lead Finish 

Allows Hot Tin Dip or Gold (AU) 

Hot Tin Dip 

Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28HC256LF | 


28HC256LF Drawing Device} Case Lead | Circuit Description Write Access Write | Endurance 
Number Type Outline Finish | End Write Indicator Mode Time(ns) |Speed(ms)| (Cycles) 
5962-88634 U, X, Y, Z| X, A, C | 32K x 8 E*PROM|Byte/Page 3 10K 
Data Polling 


Atmel Cage No. Example: Atmel Order Number Atmel Similar Part Number 
Li 5962-88634 02 UX AT28HC256LF-12UM/883 
5962-88634 02 XX AT28HC256LF-12DM/883 
5962-88634 02 YX AT28HC256LF-12LM/883 
5962-88634 02 ZX AT28HC256LF-12FM/883 
Case Outline 
| U | 28U, 28 Pin, Ceramic Pin Grid Array (PGA) 
x | 28D6, 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
32L, 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28F, 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
Lead Finish 


|X | Allows Hot Tin Dip or Gold (AU) 
| A | Hot Tin Dip 


Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT28C010 


Generic Number Standardized Military Drawing Number Description 


280010 Drawing |Device| Case Lead | Circuit Description Write | Access | Write | Endurance 
Number Type | Outline | Finish | End Write Indicator Mode |Time(ns)|Spd(ms)| (Cycles) 
5962-38267) 01 128K x 8, 1-Mbit E°PROM 250 10 10K 


Data Polling 

5962-38267| 03 128K x 8, 1-Mbit E7PROM 200 
Data Polling 

5962-38267| 05 128K x 8, 1-Mbit E7PROM 150 
Data Polling 

5962-38267| 07 |X, Y,Z|X,A,C| 128K x8, 1-Mbit E7PROM 120 


Data Polling 


Atmel Cage No. 
1FN41 


Example: Atmel Order Number Atmel Similar Part Number 
5962-38267 O1M XX AT28C010-25BM/883 
5962-38267 O1M YX AT28C010-25LM/883 


5962-38267 O1M ZX AT28C010-25FM/883 
5962-38267 O3M XX AT28C010-20BM/883 
5962-38267 O3M YX AT28C010-20LM/883 
5962-38267 O3M ZX AT28C010-20FM/883 
5962-38267 O5M XX AT28C010-15BM/883 
5962-38267 O5M YX AT28C010-15LM/883 
5962-38267 O5M ZX AT28C010-15FM/883 
5962-38267 O7M XX AT28C010-12BM/883 
5962-38267 O7M YX AT28C010-12LM/883 
5962-38267 AT28C010-12FM/883 


Case Outline 


|X ___| 32B, 32 Lead, 0.600" Wide, Ceramic Side Braze Dual inline (SideBrazey 
44L, 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 

|Z | 32F, 32 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 
|X| AllowsHotTinDiporGold (AU) ———“‘i‘“S*sSCSS 
| A | Hot Tin Dip 

CL Go (AU) 
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Table 2. Atmel SMD Part Types, Listed by SMD Number 


9962-38267 


Circuit Description Write | Access Write Endur. 
Atmel Order Number Atmel Similar Part Number End Write Indicator Spd. (ms) | (Cycles) 


5962-38267 01M XX | AT28C010-25BM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 


5962-38267 01M YX | AT28C010-25LM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 


5962-38267 01M ZX | AT28C010-25FM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 

5962-38267 03M XX | AT28C010-20BM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 

5962-38267 03M YX | AT28C010-20LM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 

5962-38267 03M ZX | AT28C010-20FM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 


5962-38267 05M XX | AT28C010-15BM/883 | 128K x 8, 1-Mbit E°7PROM 
Data Polling 


5962-38267 05M YX | AT28C010-15LM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 

5962-38267 05M ZX | AT28C010-15FM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 

5962-38267 07M XX | AT28C010-12BM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 

5962-38267 07M YX | AT28C010-12LM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 


5962-38267 07M ZX | AT28C010-12FM/883 128K x 8, 1-Mbit E7PROM 
Data Polling 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


5962-86063 


Atmel Order Number Atmel Similar Part Number Circuit Description noceas 
Time (ns) 


5962-86063 0 AT27C256R-20DM/883 32K x 8 EPROM 
5962-86063 AT27C256R-20LM/883 32K x 8 EPROM 
5962-86063 AT27C256R-20KM/883 32K x 8 EPROM 
5962-86063 AT27C256R-25DM/883 32K x 8 EPROM 
5962-86063 AT27C256R-25LM/883 32K x 8 EPROM 
5962-86063 AT27C256R-25KM/883 32K x 8 EPROM 
5962-86063 AT27C256R-30DM/883 32K x 8 EPROM 
5962-86063 AT27C256R-30LM/883 32K x 8 EPROM 
5962-86063 AT27C256R-30KM/883 32K x 8 EPROM 
5962-86063 AT27C256R-17DM/883 32K x 8 EPROM 
5962-86063 AT27C256R-17LM/883 32K x 8 EPROM 
5962-86063 AT27C256R-17KM/883 32K x 8 EPROM 
5962-86063 AT27C256R-15DM/883 32K x 8 EPROM 
5962-86063 AT27C256R-15LM/883 32K x 8 EPROM 
5962-86063 AT27C256R-15KM/883 32K x 8 EPROM 
5962-86063 AT27C256R-12DM/883 32K x 8 EPROM 
5962-86063 AT27C256R-12LM/883 32K x 8 EPROM 
5962-86063 AT27C256R-12KM/883 32K x 8 EPROM 
5962-86063 AT27C256R-90DM/883 32K x 8 EPROM 
5962-86063 AT27C256R-90LM/883 32K x 8 EPROM 
5962-86063 AT27C256R-90KM/883 32K x 8 EPROM 
5962-86063 AT27HC256R-70DM/883 32K x 8 EPROM 
5962-86063 AT27HC256R-70LM/883 32K x 8 EPROM 
5962-86063 AT27HC256R-70KM/883 32K x 8 EPROM 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


5962-86805 


Atmel Order Number Atmel Similar Part Number Circuit Description maces 
Time (ns) 


5962-86805 0 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 
5962-86805 


5962-87514 


Circuit Description Write Access Write Endur. 
Atmei Order Number Atmel Similar Part Number End Write Indicator Spd. (ms) | (Cycles) 


5962-87514 06 XX 


5962-87514 06 YX 


5962-87514 07 XX 


5962-87514 07 YX 


5962-87514 08 XX 


5962-87514 08 YX 


5962-87514 09 XX 
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AT27C1024-30DM/883 
AT27C1024-30LM/883 
AT27C1024-25DM/883 
AT27C1024-25LM/883 
AT27C1024-20DM/883 
AT27C1024-20LM/883 
AT27C1024-17DM/883 
AT27C1024-17LM/883 
AT27C1024-15DM/883 
AT27C1024-15LM/883 
AT27C1024-12DM/883 
AT27C1024-12LM/883 
AT27HC1024-90DM/883 
AT27HC1024-90LM/883 
AT27HC1024-70DM/883 
AT27HC1024-70LM/883 


AT28PC64-35DM/883 


AT28PC64-35LM/883 


AT28PC64-30DM/883 


AT28PC64-30LM/883 


AT28PC64-25DM/883 


AT28PC64-25LM/883 


AT28PC64-20DM/883 


64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 
64K x 16, 1-Mbit EPROM 


8K x 8E°PROM | Byte/Page 
Data Polling 


8K x 8 E7PROM | Byte/Page 
Data Polling 


8K x 8E°PROM | Byte/Page 
Data Polling 


8K x 8E°PROM | Byte/Page 
Data Polling 


8K x 8E°PROM | Byte/Page 
Data Polling 


8K x 8E°PROM | Byte/Page 
Data Polling 


8K x 8E°PROM | Byte/Page 
Data Polling 


Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


5962-8751 4 (continued) 
Circuit Description Write Access Write Endur. 
Atmel Order Number Atmel Similar Part Number End Write Indicator Timetne) | Spd. (na) | (Cyclon) 


5962-87514 09 YX 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 


5962-87514 17 


5962-87514 18 


AT28PC64-20LM/883 


AT28HC64L-12DM/883 


AT28HC64L-12LM/883 


AT28HC64L-90DM/883 


AT28HC64L-90LM/883 


AT28HC64L-70DM/883 


AT28HC64L-70LM/883 


AT28C64-35DM/883 


AT28C64-35LM/883 


AT28C64-35FM/883 


AT28C64-30DM/883 


AT28C64-30LM/883 


AT28C64-25DM/883 


AT28C64-25LM/883 


AT28C64-25FM/883 


AT28C64-20DM/883 


AT28C64-20LM/883 


AT28C64-15DM/883 


AT28C64-15LM/883 


AT28C64X-35DM/883 


8K x 8 E7PROM 
Data Polling 


8K x 8 E°7PROM 
Data Polling 


8K x 8 EPROM 
Data Polling 
8K x 8 E7PROM 
Data Polling 


8K x 8 E°7PROM 
Data Polling 


8K x 8 E7PROM 
Data Polling 


8K x 8 E7PROM 
Data Polling 


8K x 8 E-PROM 
Rdy/Busy 
8K x 8 E7PROM 
Rdy/Busy 
8K x 8 E7PROM 
Rdy/Busy 
8K x 8 E°PROM 
Rdy/Busy 
8K x 8 E°PROM 
Rdy/Busy 
8K x 8 E°PROM 
Rdy/Busy 
8K x 8 E7PROM 
Rdy/Busy 
8K x 8 E7PROM 
Rdy/Busy 
8K x 8 EPROM 
Rdy/Busy 
8K x 8 E7PROM 
Rdy/Busy 
8K x 8 E°7PROM 
Rdy/Busy 
8K x 8 E°PROM 
Rdy/Busy 


8K x 8 EPROM 
Data Polling 


Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 


Byte 


350 


350 


350 


300 


300 


250 


250 


250 


200 


200 


150 


150 


350 


SMD Products 


10K 


10K 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


5962-87514 = (continued) 


Circuit Description Write Access Write Endur. 
Atmel Order Number Atmel Similar Part Number End Write Indicator Spd. (ms) | (Cycles) 


5962-87514 18 YX AT28C64X-35LM/883 8K x 8 E7PROM 
Data Polling 


5962-87514 19 XX AT28C64X-30DM/883 8K x 8 E°PROM 
Data Polling 
5962-87514 19 YX AT28C64X-30LM/883 8K x 8 E7PROM 
Data Polling 
5962-87514 20 XX AT28C64X-25DM/883 8K x 8 E7PROM 
Data Polling 
5962-87514 20 YX AT28C64X-25LM/883 8K x 8 E-PROM 
Data Polling 
5962-87514 20 ZX AT28C64X-25FM/883 8K x 8 E°7PROM 
Data Polling 
5962-87514 21 XX AT28C64X-20DM/883 8K x 8 E°7PROM 
Data Polling 
5962-87514 21 YX AT28C64X-20LM/883 8K x 8 E°7PROM 
Data Polling 
5962-87514 22 XX AT28C64X-15DM/883 8K x 8 E7PROM 
Data Polling 


5962-87514 YX AT28C64X-15LM/883 8K x 8 E7PROM 
Data Polling 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


9962-87515 


Atmel Order Number Atmel Similar Part Number Circuit Description alee 
Time (ns) 


5962-87515 0 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 
5962-87515 


AT27HC641R-45DM/883 
AT27HC641R-45CM/883 
AT27HC642R-45DM/883 
AT27HC641R-45LM/883 
AT27HC641R-55DM/883 
AT27HC641R-55CM/883 
AT27HC642R-55DM/883 
AT27HC641R-55LM/883 
AT27HC641R-70DM/883 
AT27HC641R-70CM/883 
AT27HC642R-70DM/883 
AT27HC641R-70LM/883 
AT27HC641R-90DM/883 
AT27HC641R-90CM/883 
AT27HC642R-90DM/883 
AT27HC641R-90LM/883 


8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
8K x 8 [UV] PROM 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


5962-87539 


Atmel Order Number Atmel Similar Part Number | Circuit Description Access 
Time (ns) 


5962-87539 AT22V10-25YM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-25DM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-25LM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-30YM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-30DM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-30LM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-40YM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-40DM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-40LM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-20YM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-20DM/883 22-Input, 10-Output and-or-Logic Array 
5962-87539 AT22V10-20LM/883 22-Input, 10-Output and-or-Logic Array 


5962-87648 


5962-87648 01 XX AT27C512R-15DM/883 64K x 8 EPROM 
5962-87648 AT27C512R-15LM/883 64K x 8 EPROM 
5962-87648 AT27C512R-15KM/883 64K x 8 EPROM 
5962-87648 AT27C512R-20DM/883 64K x 8 EPROM 
5962-87648 AT27C512R-20LM/883 64K x 8 EPROM 
5962-87648 AT27C512R-20KM/883 64K x 8 EPROM 
5962-87648 AT27C512R-25DM/883 64K x 8 EPROM 
5962-87648 AT27C512R-25LM/883 64K x 8 EPROM 
5962-87648 AT27C512R-25KM/883 64K x 8 EPROM 
5962-87648 AT27C512R-12DM/883 64K x 8 EPROM 
5962-87648 AT27C512R-12LM/883 64K x 8 EPROM 
5962-87648 AT27C512R-12KM/883 64K x 8 EPROM 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


9962-88525 


. Circuit Description Write Access Write Endur. 
Atmel Order Number Atmel Similar Part Number End Write Indicator Spd. (ms) | (Cycles) 


5962-88525 0 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


5962-88525 


AT28C256-35UM/883 


AT28C256-35DM/883 


AT28C256-35LM/883 


AT28C256-35FM/883 


AT28C256-30UM/883 


AT28C256-30DM/883 


AT28C256-30LM/883 


AT28C256-30FM/883 


AT28C256-25UM/883 


AT28C256-25DM/883 


AT28C256-25LM/883 


AT28C256-25FM/883 


AT28C256-20UM/883 


AT28C256-20DM/883 


AT28C256-20LM/883 


AT28C256-20FM/883 


AT28C256E-25UM/883 


AT28C256E-25DM/883 


AT28C256E-25LM/883 


AT28C256E-25FM/883 


32K x 8 E7PROM 
Data Polling 


32K x 8 E°7PROM 
Data Polling 
32K x 8 E°7PROM 
Data Polling 
32K x 8 E7PROM 
Data Polling 


32K x 8 E°7PROM 
Data Polling 


32K x 8 E7PROM 


Data Polling 


32K x 8 E7PROM 
Data Polling 


32K x 8 EPROM 


‘Data Polling 


32K x 8 E7PROM 
Data Polling 


32K x 8 E7PROM 
Data Polling 


32K x 8 EPROM 


Data Polling 


32K x 8 E°7PROM 


Data Polling 


32K x 8 E-PROM 
Data Polling 


32K x 8 E7PROM 
Data Polling 
32K x 8 E-PROM 
Data Polling 
32K x 8 E°7PROM 
Data Polling 


32K x 8 E-PROM 
Data Polling 


32K x 8 E7PROM 
Data Polling 


32K x 8 E-PROM 
Data Polling 


32K x 8 E7PROM 
Data Polling 


Byte/Page 
Byte/Page 
Byte Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 


Byte/Page 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


5962-88525 (continued) 


Circuit Description Write Access Write Endur. 
Atmel Order Number Atmel Similar Part Number End Write Indicator Spd. (ms) | (Cycles) 


5962-88525 06 UX AT28C256-15UM/883 32K x 8 E7PROM Byte/Page 
Data Polling 


5962-88525 06 XX AT28C256-15DM/883 32K x 8 E7PROM Byte/Page 
Data Polling 


5962-88525 06 YX AT28C256-15LM/883 32K x 8 E7PROM Byte/Page 
Data Polling 


5962-88525 06 ZX AT28C256-15FM/883 32K x 8 E7PROM Byte/Page 
Data Polling 


5962-88525 07 UX AT28C256F-15UM/883 32K x 8 E°7PROM Byte/Page 
Data Polling 


5962-88525 07 XX AT28C256F-15DM/883 32K x 8 E7PROM Byte/Page 
Data Polling 


5962-88525 07 YX AT28C256F-15LM/883 32K x 8 E7PROM Byte/Page 
Data Polling 


5962-88525 07 ZX AT28C256F-15FM/883 32K x 8 E°7PROM Byte/Page 
Data Polling 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


5962-88634 


Circuit Description Write Access Write eel 
Atmel Order Number Atmel Similar Part Number End Write Indicator Spd. (ms) 


5962-88634 01 UX 


5962-88634 01 XX 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


5962-88634 


01 


01 


02 


02 


02 


02 


03 


03 


03 


03 


04 


04 


04 


04 


YX 


ZX 


UX 


XX 


YX 


ZX 


UX 


XX 


YX 


ZX 


UX 


XX 


YX 


ZX 


AT28HC256L-12UM/883 


AT28HC256L-12DM/883 


AT28HC256L-12LM/883 


AT28HC256L-12FM/883 


AT28HC256LF-12UM/883 


AT28HC256LF-12DM/883 


AT28HC256LF-12LM/883 


AT28HC256LF-12FM/883 


AT28HC256-90UM/883 


AT28HC256-90DM/883 


AT28HC256-90LM/883 


AT28HC256-90FM/883 


AT28HC256F-90UM/883 


AT28HC256F-90DM/883 


AT28HC256F-90LM/883 


AT28HC256F-90FM/883 


32K x 8 E°7PROM 
Data Polling 


32K x 8 E7PROM 
Data Polling 


32K x 8 E°-PROM 
Data Polling 
32K x 8 E7PROM 
Data Polling 
32K x 8 E°7PROM 
Data Polling 
32K x 8 E°-PROM 
Data Polling 
32K x 8 E7PROM 
Data Polling 
32K x 8 E7PROM 
Data Polling 
32K x 8 E7PROM 
Data Polling 
32K x 8 E7PROM 
Data Polling 
32K x 8 E7PROM 
Data Polling 
32K x 8 E7PROM 
Data Polling 
32K x 8 E7PROM 
Data Polling 
32K x 8 E°7PROM 
Data Polling 


32K x 8 E7PROM 
Data Polling 


32K x 8 E°7PROM 
Data Polling 


Byte/Page 


Byte/Page 


Byte/Page 


Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 
Byte/Page 


Byte/Page 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


5962-88670 


Atmel Order Number 


Atmel Similar Part Number Circuit Description REOORS 
Time (ns) 


5962-88670 01 KX AT22V10-25FM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 01 LX AT22V10-25GM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 01 3X AT22V10-25NM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 02 KX AT22V10-30FM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 02 LX AT22V10-30GM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 02 3X AT22V10-30NM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 03 KX AT22V10-40FM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 03 LX AT22V10-40GM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 03 3X AT22V10-40NM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 04 KX AT22V10-20FM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 04 LX AT22V10-20GM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 04 3X AT22V10-20NM/883 22-Input, 10-Output and-or-Logic Array 


5962-88670 05 KX AT22V10-15FM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 05 LX AT22V10-15GM/883 22-Input, 10-Output and-or-Logic Array 
5962-88670 05 3X AT22V10-15NM/883 22-Input, 10-Output and-or-Logic Array 


9962-88724 


Atmel Order Number Atmel Similar Part Number Circuit Description pecs 
Time (ns) 


5962-88724 0 AT22V10L-25YM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-25DM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-25LM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-30YM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-30DM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-30LM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-40YM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-40DM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-40LM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-20YM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-20DM/883 22-Input, 10-Output and-or-Logic Array 
5962-88724 AT22V10L-20LM/883 22-Input, 10-Output and-or-Logic Array 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


9962-88726 


Atmel Order Number Atmel Similar Part Number Circuit Description neoees 
Time (ns) 


5962-88726 0 ATV750-40DM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750-40LM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750-35DM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750-35LM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750-25DM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750-25LM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750-20DM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750-20LM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750L-30DM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750L-30LM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750L-25DM/883 22-Input, 10-Output and-or-Logic Array 
5962-88726 ATV750L-25LM/883 22-Input, 10-Output and-or-Logic Array 


5962-89614 


Atmel Order Number Atmel Similar Part Number Circuit Description Access 
Time (ns) 


5962-89614 AT27C010-30DM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-30LM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-25DM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-25LM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-20DM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-20LM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-17DM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-17LM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-15DM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-15LM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-12DM/883 128K x 8, 1-Mbit EPROM 
5962-89614 AT27C010-12LM/883 128K x 8, 1-Mbit EPROM 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


Atmel Order Number 


5962-89755 01 KX 
5962-89755 
5962-89755 
5962-89755 
5962-89755 
5962-89755 
5962-89755 
5962-89755 
5962-89755 
5962-89755 
5962-89755 
5962-89755 


AT22V10L-25FM/883 
AT22V10L-25GM/883 
AT22V10L-25NM/883 
AT22V10L-30FM/883 
AT22V10L-30GM/883 
AT22V10L-30NM/883 
AT22V10L-40FM/883 
AT22V10L-40GM/883 
AT22V10L-40NM/883 
AT22V10L-20FM/883 
AT22V10L-20GM/883 
AT22V10L-20NM/883 


9962-91545 


Atmel Order Number Atmel Similar Part Number Circuit Description Access 
Time (ns) 


5962-91545 ATV2500H-35DM/883 
5962-91545 ATV2500H-35LM/883 
5962-91545 ATV2500H-35KM/883 
5962-91545 ATV2500H-25DM/883 
5962-91545 ATV2500H-25LM/883 
5962-91545 ATV2500H-25KM/883 
5962-91545 ATV2500L-30DM/883 
5962-91545 ATV2500L-30LM/883 

5962-91545 ATV2500L-30KM/883 
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9962-89755 


22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 


38-Input, 24-Output and-or-Logic Array 
38-Input, 24-Output and-or-Logic Array 
38-Input, 24-Output and-or-Logic Array 
38-Input, 24-Output and-or-Logic Array 
38-Input, 24-Output and-or-Logic Array 


38-Input, 24-Output and-or-Logic Array 


38-Input, 24-Output and-or-Logic Array 
38-Input, 24-Output and-or-Logic Array 
38-Input, 24-Output and-or-Logic Array 
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Atmel Modified Class S 
integrated Circuit Test Flow 


Introduction 

Atmel has expanded upon and modified 
standard "Class S" testing procedures to ac- 
commodate up-to-date small-geometry inte- 
grated circuit processing methods which are 


Modified Class S Flow 


Assembly 

Wafer Mount 

Wafer Saw 

Wafer Clean 

Die Sort, Manual 
2nd Optical, Military 


1980-004 
1980-003 
1980-005 
1980-029 


Package Clean 1980-037 
Die Attach 

Shear Test 

Inspect (1) 

Wire Bond 

Wire Bond Pull Test 
Non Dest. Bond Pull 


3rd Optical, Military 


1980-038 
1980-050 
1980-013 
1980-039 
1980-039 
1980-050 


240-037 
1980-040 
1980-053 


QA Internal Visual 
Preseal Clean 
Preseal Bake, Vacuum 


Seal Package Related 


Mark 1980-032 


Production Screens 
Temperature Cycling 
Constant Acceleration 
Visual Inspect © 

Pind () 
Serialization 
Pre-burn-in 
Test @ 25°C 


Continued on Next Page 


Atmel Procedure MIL-STD-883D 
Screen Requirements Number as applicable 


Wafer Lot Acceptance | | MIL-STD-883D, M5007(4) 


Package Related 


not covered in the standard Class S Flow. 
This document describes Atmel’s current 
Modified Class S Flow. 


Method 2010, Cond A, 
Class S Criteria 


Mark Wafer No. on Pkg 
Method 2019 
Method 2010, Cond A °°) 


Method 2011, Cond D 
Method 2023 


Method 2010 Cond A, 
Class S Criteria 


Method 2010, Cond A 
Nitrogen Blow Off 


Method 1010 Cond C 
Method 2001 Cond E 


Method 2020 Cond A 


AIMEL 


Memory 
Military 
Products 
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Modified Class S Flow, Continued 


Atmel Procedure 
Screen Requirements Number 


Burn-in °) 

Interim Elect. @ 25°C (7) 

HRTB Burn-in (Option) ‘”) 

Post burn-in Elect 25°C 

Percent Defective 3%, 5% 

Final Electrical Test 

Fine, Gross Seal?) 

Radiographic (1) 

Quality Conformance 
Inspection Sample Selection 


MIL-STD-883D 
as applicable 


Method 1015, 240 hours 


M1015, Cond Aor C, 72 hours 
Read and Record Subgroup 1 
Method 5004 p 3.5.1 

Method 5004 p 3.5.2 

Method 1014 

Method 2012 

Method 5005 p 3.5 


Quality Conformance Inspections, Group A Electrical Tests 


Perform for Every Lot 


Subgroup 9 Switching @ 25°C 


Notes: 


ls 
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This screening procedure shall be performed within the se- 
quence options allowed by MIL-STD-883, Method 5004, but 
not necessarily in the sequence shown. 


. Parametric Read and Record requirements shall exist for this 


procedure only when delta parametric limits are required in 
the PDA procedure determination by customer specification. 


. Condition F of MIL-STD-883 Method 1015 shall not apply. 


Paragraph 3.4.2 of MIL-STD-883 Method 5004 shall not 
apply. 


. Products made by Atmel do not comply to several require- 


ments of MIL-STD-883 Method 5007. These include wafer, 
metal and glassivation thickness, where thickness limits are 
different by design, and SEM inspection where lot and sample 
size requirements of method 5007 are not compatible with 
modern equipment capacity. An alternative Atmel Wafer Lot 
Acceptance method exists and shall be used in place of 
method 5007. It is available upon request (when non-disclo- 
sure agreements exist). 


. Atmel shall take limited exception to compliance with MIL- 


STD-883 method 2010 for all contracts and all product. 
Atmel will physically perform the inspection to the best of its 
ability but will not guarantee absence of die visual defects in 


aura a At: 
Method Test Accept 

| Subgroup2 _StaticTests@ 125°C | 5005 | yes | 1160 
| Subgroup3 ___StaticTests@-55°C | 5005 || yes | 1160 


1160 
1160 
116/0 

5005 116/0 
116/0 
116/0 


total or to any specified LTPD limit. The extreme complexity 
and small feature size of Atmel integrated circuit die make it 
physically impossible to inspect 100% of die features for the 
defect excluded by Method 2010. 


. This procedure will be performed at the option of Atmel. No 


lot acceptance criteria shall be imposed for this procedure. 


. Interim electrical screen and HTRB burn-in shall be performed 


only when required by customer specification. When they are 
performed, Read and Record requirements shall exist only 
when delta parametric limits are required as part of PDA de- 
termination by customer specification. 


. PIND shall be waived for non-JAN and non-883 compliant 


product unless specifically required by customer specification. 


. Shall be performed after all lead forming, clipping or straight- 


ening operations and only in sequence allowed by MIL-STD- 
883, Method 5004. 


10. Shall be performed in sequence allowed by MIL-STD-883 


method 5004. If any lead forming, clipping, or straightening 
operations occur after this procedure, a sample seal test shall 
be performed on the lot (Fine and Gross with LTPD = 2, 
C=0). 


AUG Y snesimectsamemmena os kc aia ase neon ceaniae naa Naeem 


Military 


Quality Conformance Inspections, Group B Tests 


S = Sample Size / Accept Number 


MIL-STD-883 883 Method 5005 Class S 


Subgroup 1 

a. Physical Dimensions (1) 

b. Internal Water Vapor Content 
Subgroup 2 © 

a. Resistance to Solvents, S = 4(0) 
b. Internal Vis and Mech, S = 2(0) 
c. Bond Strength, LTPD = 10 (2) 

d. Die Shear Test 


Subgroup 3 
a. Solderability ‘°®), LTPD = 10 


Subgroup 4 

S = 2(0) 

a. Lead Integrity, S = 2(0) 
b. Seal Test Fine and Gross 
c. Lid Torque, S = 2(0) 
Subgroup 5 

a. Steady State Life 

b. Electrical Parameters 
Subgroup 6 

a. Temp Cycle, 100 cycles 
b. Constant Acceleration 

c. Seal Test Fine and Gross 


d. Electrical Parameters 
e. Die Shear Strength 


Subgroup 7 
a. ESD 
b. Electrical Parameters 


*Per Device Spec. 


Notes: 

1. Not required for Method 5005 devices if Group D testing is 
performed. 

2. LTPD = Number of bond pulls selected from a minimum of 
four devices. 

3. Required number of leads must be contained in a minimum of 
three devices. Must be post Burn-In devices. 


ATMEL 


yes, S = 2(0) 
yes '4:7) § = 3(0) or 5(1) 


2015 
2013 and 2014 


2011 
2019 


2004 or 2028 
1014 
2024 


1010, Cond C 
2001, Cond E 
1014 
yes (8) RandR 


yes ) S = 3(0) / 15(0) 
yes '°) 


3015 
group A, sub 1 


4. Applies only to packages with a glass-frit seal. 

5. Unless otherwise specified test shall be performed for initial 
Qualification and product redesign as a minimum. 

6. Electrical rejects may be used. 

7. Required only when package contains a dessicant. 

8. End point electricals as specified in applicable detail drawing. 
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Quality Conformance Inspections, Group D Tests 
Perform Every Six Months for Method 5004, 5005 Devices 


MIL-STD-883 Inspection 5005 Class S 


Subgroup 1 “” 
a. Physical Dim, LTPD = 15 2016 yes 


Subgroup 2 
a. Lead Integrity 


2004 or 2028 
1014 


b. Seal Test Fine and Gross 
Subgroup 3 
a. Thermal Shock 


b. Temperature Cycle 


LTPD = 15 


yes 


1011 
1010 
1004 
1014 
1004, 1010 


* 


yes 


c. Moisture Rest. yes 


d. Seal Test Fine and Gross 


yes 


e. Visual Examination yes 


yes (2) 
LTPD = 15 


yes 


f. Electrical Parameters 
Subgroup 4 


a. Mechanical Shock 


2002 
2007 
2001 
1014 
1010, 1011 


b. Vibration Var. Frequency yes 


c. Constant Acceleration yes 


d. Seal Test Fine and Gross 


yes 


e. Visual Examination yes 


S = 15(0) 


yes 


f. Electrical Parameters 
Subgroup 5 "") 
a. Salt Atmosphere 
b. Seal Test Fine and Gross ") yes 


c. Visual Examination 1009 yes 
Internal Water Vapor Content 1018 yes 

fra iO PO a 
Adhesion of Lead Finish yes 
Subgroup 8 °) S = 5(0) 
fre PO 


*Per Device Spec. 


Notes: 3. Applies to package with glass frit-seal only. 
1. Electrical rejects may be used. 4. Only for packages with leads exiting through a glass seal. 
2. Per applicable detail drawing. 


Quality Conformance Inspections, Group E Tests 
Group E testing will be performed per device / customer speci- 
fication. 
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Product Information 
E*PROMs 
PEROMs (Flash) 


EPROMs 


Gate Arrays 8 


smart Card ICs 


Mixed Signal 


Microcontroller 
Packaging Services 
Quality and Reliability 
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Die Products 
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16-1 


16-2 


iii nm emememmemerncmes Jie Products 


Features 
e High Performance CMOS Technology 
Low Power Dissipation - Active and Standby 
e Hardware Data Protection Features 
e DATA Polling for End of Write Detection 
e High Reliability 
Endurance: 10° Cycles 
Data Retention: 10 years 


e Single 5 V+ 10% Supply 2 

e CMOS Compatible Inputs and Outputs E PROM 

e 0°C to +70°C Operating Range . 

° Typical Die Thickness of 22 Mils Die Products 
Description 


To facilitate custom packaging, some Atmel E*PROMS are available in die form. All Atmel 
EPROM die products are 100% electrically tested in wafer form and visually inspected after 
saw and clean. Atmel’s E7PROM die products are processed with an advanced CMOS floating 
gate technology. As with all Atmel products, they are designed and tested to ensure high 
quality and manufacturability. The devices may include such features as internal error correc- 
tion for extended endurance and improved data retention characteristics. 


Test Flow 


Atmel’s die product sort testing incorporates comprehensive functional and parametric tests 
into wafer level tests. The typical Atmel E“PROM dic test flow is outlined below. 


Untested Wafers 
Die Product Sort 1 
Retention Bake 
Die Product Sort 2 
Saw and Clean Die 
Optical Inspection 
Waffle Pack 
Electrical Q.A. 
Finished Goods Inventory 


Die Shipment 


AIMEL 


Testing 

Die product sort test 1 includes checks for basic D.C. parame- 
ters such as Icc and input leakage as well as for A.C. switching 
parameters. Data pattern testing is included to guarantee the 
functionality of each bit and to guard against pattern sensitivity. 
Several oxide stress tests are included to reduce the likelihood 
of infant mortality failures. 


The data retention bake is included to ensure the integrity of the 
core cell oxides. A pattern is written to each die at the end of die 
sort test 1. The wafers are then subjected to a high temperature 
bake. After the bake, the pattern written in die sort test 1 is ver- 
ified by die sort test 2. 


A final quality assurance test is performed on each assembly lot. 
A sample of the dice ready to ship is selected and electrically 
examined. 


Die Product Offering 

Die products are guaranteed across the commercial temperature 
operating range. The following EPROM die products are cur- 
rently available from Atmel*”’: 


AT28C16 AT28LV64 
AT28C17 AT28C256 
AT28C64 AT28HC256L 
AT28PC64 AT28HC291L 
AT28HC64L AT28C010 


Handling and Die Information 


Handling instructions for E*PROM die and other information 
needed for using EPROM die are available from Atmel. 


Note: 1. The Atmel logo on the following die maps is not to scale 
and is only shown as a reference to properly orient the die. 
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AT28C16 Die Map 
Die Size: 137 X 117 mils 
Connect Substrate to Ground 


A6 Veo A8 


AT28C16 


A10 


Oo WO, WO, WOg WO, 


Die Pad Coordinates * 


Name (U1) (UL) 
Ay -1270 1420 
Ao -920 1420 
6 
2 


V/O4 -1190 610 
/O2 -1190 360 


-1190 -230 
-1190 -480 


-1190 
WE 1230-1630 


A10 -1000 -1630 
1/00 -1190 870 


OE 1000 -1630 
CE -1230 -1630 


* Coordinates are calculated from die center point 
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AT28C17 Die Map 
Die Size: 137 X 117 mils 
Connect Substrate to Ground 


Vcc 


A7 BUSY} WE 


A4 


A3 


AT28C017 


A2 A10 


Al 


ID, I> Wy W.-W yz 


Die Pad Coordinates * 


Name (u) — (W) 
VOs 1190-740 


0 
2 
3 
4 -1190 _—_-990 
5 
6 


/O2 -1190 360 


A 

A 1230 1370 

A 1230 1140 -1190 -1250 

A 1230 900 1230 100 
660 


-1190 60 


cc 1230 -210 


é 

0 
Ag 1230 -920] |WE 1230 -1630 
-1190 870 -1230 -1630 
-1190 610 


* Coordinates are calculated from die center point 
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AT28C64 Die Map 
Die Size: 100 X 168 mils 
Connect Substrate to Ground 


A6 A112 Vcc A8 


AMET 
AT28C64 


103 Os O07 
VO, GND 1/04 10, 


Die Pad Coordinates * 


1826-507 
1826-326 
1826124 
1826315 
1872 _ 1090 


1/00 1826 —_-693 


1924 -77 


ND 1910 -100 


* Coordinates are calculated from die center point 


AT28PC64 Die Map 
Die Size: 146 X 217 mils 
Connect Substrate to Ground 


AO 1/0, GNDI/O, VO, VO, 


Die Pad Coordinates * 


Y 

(CD 

2460 480 
2460-430 
2460-680 
2460-930 
2460-1180 
-2620__-1730 
2590-140 
ee 


* Coordinates are calculated from die center point 


DG PrOQuUCTS _seseeeneese 


AT28HC64L Die Map 
Die Size: 146 X 217 mils 
Connect Substrate to Ground 


WE AQ 
A4 A8 


AT28HC64L 
ATMEL 


Die Pad Coordinates * 


Signal X Y 
Name (u) _—_(w) 


Signal X Y 
Name (u) (ps) 


AT28LV64 Die Map 
Die Size: 100 X 168 mils 
Connect Substrate to Ground 


A6 A112 Vcc A8 
ARDY! | 2. 
BUSY | WE | A9 


ANE 
AT28LV64 


Die Pad Coordinates * 


Name (uy) (W) 


O71 1826 = -507 
V/O2 1826  -326 


Aro ——-2380_-1730} | OE 
Are 2550-600) | GND 


-2590 200 
2550 0 


E 2550 = -250 


2290 -1730 


CE -2620 -1730 


-2590 -140 A12 


ey Oo 1826-693 


* Coordinates are calculated from die center point 


1710 -1113 


1 


-1870 -367 


Ao 
A2 
A3 
Ag 
As 
A7 
As 
Ag 

1 


1702 -1080 
-1870 -1075 


1910  -100 


-1870 253 


OE -1679 1060 


CE 1872 1090 


* Coordinates are calculated from die center point 
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AT28C256 Die Map AT28HC256L Die Map 
Die Size: 224 X 323 mils Die Size: 224 X 323 mils 
Connect Substrate to Ground Connect Substrate to Ground 


A5 A7A14 Vcc A13 AQ A5 A7 A14 Vec Ai3 AQ 


AT28HC256L 
AWE 


a 
. 1/03] Os] 1/07 


\ WE] A8 


Oo WO2 GND 1/04 l/O¢ VOo VWO2 GND 1/04 IO6 


Die Pad Coordinates * Die Pad Coordinates * 


| 

Name) (u) 

1707-3915 
1305-3915 
892-3915 
681-3920 681-3920 
1094-3920 1094-3920 
1496-3919 1496-3919 
1908-3918 1908-3918 
2311-3918 2311-3918 
GND 310-3924 

WE 
2749 3600 
CE 2657__-3993 


A 
A 


* Coordinates are calculated from die center point * Coordinates are calculated from die center point 
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AT28HC291L Die Map 
Die Size: 118 X 144 mils 
Connect Substrate to Ground 


AT28HC291L 


CS2 


VOol VO2 04] VOs| VO, 
AO WO, GND WO, WO, CS3 


CS1 


sananennaouanconemanctieet cr: snamemnmmmmmmncmmmmemmmmmenunes 2 FTO UCIS 


AT28C010 Die Map 
Die Size: 356 X 429 mils 
Connect Substrate to Ground 


A2 AO VOg WOo Og Ws 07 aio 


Die Pad Coordinates * 


Name (1) (1) 
Ait 4295 5882 


Signal X Y 
Name (LL) (U1) 
VOo -1266 -5108 
V/O7 926 -5108 


V/O2 -51  -5108 
/O3 843 -5108 


VO4 1727 -5108 
Os 2068 -5108 
/O6 2982 -5108 
O07 3322 -5108 


GND 581  -5109 


GND 285 -5109 


Voc 1000 5316 


CE 3938 -5141 


CE 


* Coordinates are calculated from die center point 
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PEROMs (Flash) 


ere ee Teena ene bites nnodennnoncnnins:coecneeonnonoanen omaha anmuuabia sands on 


EPROMs 


ian sr oa ea 


PROMs 


SRAMs 


ee eT 


EPLDs 
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Gate Arrays 
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Standard Package Outlines 
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Each Atmel data sheet includes an Ordering Information Section which specifies the package 
types available. This section provides size specifications and outlines for all package types. 


Package 
28B 


32B 


40B 


24C 
24CW 
16D3 


24D3 


24D6 


28D6 


32D6 


40D6 


24DW3 


24DW6 


28DW6 


32DW6 


40DW6 


Description 
28 Lead, 0.300" Wide, Ceramic 

Side Braze Dual Inline (Side BraZe) .......::..csesscsssssessssossesssssosssssssvessenee 17-6 
32 Lead, 0.600" Wide, Ceramic 

Sidé Brazé Dual Inline (Side Braze) ........c..<seesscerceossesseeeneseorsnsnexencacess 17-6 
40 Lead, 0.600" Wide, Ceramic 

mide Brazé Dual Inlind Gide Braze) séssisisscsccsssiorscansicncesessocessinsoncuncsnaes 17-6 
24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack)...............ss008 17-6 
24 Lead, Windowed, Ceramic Flat Package (Cerpack) ............::csssecsssseeeees 17-7 
16 Lead, 0.300" Wide, Non-Windowed, 

Ceramic Dial Inline Package (Cena) xj sssscssasivacscacessarsavnedeavansznsecsacsaes 17-7 
24 Lead, 0.300" Wide, Non- Windowed, 

Ceramic Dual Inline Package (Cerdip) ............cscccssccsssesesseesseceeseceeneees 17-7 
24 Lead, 0.600" Wide, Non-Windowed, 

Ceramic Dual Inline Package (Cendip) cscscccisesceasssasisesscotidentiesssensecsivies 17-7 
28 Lead, 0.600" Wide, Non-Windowed, 

Ceramic Dual Inline Packawe (Cendip): ccssssssssessssesecsessssssssesaissaasssearie 17-8 
32 Lead, 0.600" Wide, Non-Windowed, 

Ceramic Dual Inline Package (Cerdip) sssesccsccsssecsessexsnccecesesrseniasussausuvs 17-8 
40 Lead, 0.600" Wide, Non-Windowed, 

Ceramic Dual Inline Package (Cerdip) .............cscccssccsssecssseceseesseceseeees 17-8 
24 Lead, 0.300" Wide, Windowed, 

Ceramic Dual Inline Package (Cerdip) .............cccccssccsssecessecessceseecesseees 17-8 
24 Lead, 0.600" Wide, Windowed, 

Ceramic Dual Inline Package (Cerdip) eis scesscsesseppciaseseossvvorsassassavessees 17-9 
28 Lead, 0.600" Wide, Windowed, 

Ceramic Dual Inline Package (Cerdip) .............ssccssccssssesssessseceneecsreeees 17-9 
32 Lead, 0.600" Wide, Windowed, 

Ceramic Dual Inline Package (Cerdlipy) \....cccsscessssescensvesnstasonesnnonadeseanens 17-9 


40 Lead, 0.600" Wide, Windowed, 
Ceramic Dual Inline Package (Cerdip) ...............:cssccessscssseceeseeeereeeeeeee 17-9 


Continued on next page 


Note: 1. Dimensions shown do not include lead plating or mold flash. 
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Standard 
Package 
Outlines 
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Package 
28F 


32F 


28J 
32J 
44] 
68J 
84J 
32K 
28K W 
32KW 
44KW 
68K W 
28L 
32L 
44L 
28LW 
32LW 
44LW 
32M1 


32M2 


8P3 
16P3 
24P3 
28P3 
24P6 
28P6 
32P6 
40P6 
100Q2 
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Description 


28 Lead, Non-Windowed, Ceramic 


Bottom-Brazed Flat Package (Flatpack)...........::cccssscscsssecesssseceeneeeeenes 17-10 
32 Lead, Non-Windowed, Ceramic 

Bottom-Brazed Flat Package (Flatpack).............cssscccsssscessseeceeeeeeeaes 17-10 
26 Lead, Plastic J-Leaced Chip Carrier (PIC) wcinseressccscscearsummneraniessnves 17-10 
32-Lead, Plastic J-Leaded Chip Camier (PLCC) sccssicssscasssastsasveviessvenivies 17-10 
44 Lead, Plastic J-Leaded Chip Carrier (PLCC)...........cccccsscesscsesseeeeeeeceees 17-11 
68 Lead, Plastic J-Leaded Chip Carrier (PLCC)...........:cscscscsseeesceeceeesees 17-11 
84 Lead, Plastic J-Leaded Chip Carrier (PLCC .............cscccssssecessssceesseeeees 17-11 
32 Lead, Non-Windowed, Ceramic J-Leaded Chip Carrier JLCC)......... 17-11 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier JLCC)...............0. 17-12 
32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC).................. 17-12 
44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC).................. 17-12 
68 Lead, Windowed, Ceramic J-Leaded Chip Carrier JLCC)..............006 17-12 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) ............. 17-13 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) ............. 17-13 
44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) ............. 17-13 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC)...............c0000 17-13 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC)................0008 17-14 
44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC)................0006 17-14 
32 Lead, Non-Windowed, Ceramic Dual Inline 

32D6 Compatible LCC Module (Module) ..............cccccesscessecesseeseeeees 17-14 
32 Lead, Non-Windowed, Ceramic Dual Inline 

32D6 Compatible Flatpack Module (Module) .............:..csccsseeseesseseees 17-14 
8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)..................00066 17-15 
16 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)................cc006+ 17-15 
24 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)............s.s008 17-15 
28 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP).................06 17-15 
24 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)...............:006 17-16 
28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)..................00 17-16 
32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP).................:0008 17-16 
40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)..................006 17-16 


100 Lead, Plastic Gull Wing Quad Flat Package 
PT AE Us asicesaatsacacates innate hice she seats eeies via saieeaonieeys oetatioonbasegieiedacomneets 17-17 


Packages RA ER SLD et CY 
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Package Description 


136Q 136 Lead, Plastic Gull Wing Quad Flat Package (PQFP) ..........:cssecssseeees 17-17 
160Q 160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) ...........:ccesseceeees 17-17 
208Q 208 Lead, Plastic Gull Wing Quad Flat Package (PQFP) ...............ccseceeee 17-17 
28R 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline (SOIC) ............. 17-18 
8S] 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline 

BEG SON) cesessieascacwncanecatscsantannsassinnniasasas beanie ndeseieveisixeteussass 17-18 
882 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline 

A Al ae ste secretes serene easign ie erved eueneeewinseeaegnnddeneeiecamamcanens 17-18 
14S 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) ............. 17-18 
16S 16 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) ............. 17-19 
24S 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) ............. 17-19 
28S 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) ............. 17-19 
28S2 28 Lead, 0.300" Wide, Plastic J-Leaded Small Outline (SOIC)................ 17-19 
32S 32 Lead, 0.440" Wide, Plastic Gull Wing Small Outline (SOIC) ............. 17-20 
28T 28 Lead, Plastic Thin Small Outline Package (TSOP) ..............ccssccssseeseeee 17-20 
32T 32 Lead, Plastic Thin Small Outline Package (TSOP) ................cccsesseeeees 17-20 
40T 40 Lead, Plastic Thin Small Outline Package (TSOP) ...........esessesseseneees 17-20 
28U 28 Pin, Ceramic Pin Grid Array (PGA) ...........cccsssssssecesseeeeesseseessteeceseeeeees 17-21 
30U 30 Pin, Ceramic Pin Grid Array (PGA) ....0ccssssssesesssrsessscsscsesenssesenvenseananes 17-21 
68UW 68 Pin, Windowed, Ceramic Pin Grid Array (PGA) ..........cceeccesteeseeeseeeees 17-21 
32Z 32 Lead, Non-Windowed, Ceramic Dual Inline 

32D6 Compatible Multi-Chip Module (MCM).................sccsssseeeeeeeees 17-21 
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28B, 28 Lead, 0.300" Wide, Ceramic Side Braze 
Dual Inline (Side Braze) 

Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-15 CONFIG C 


1.420 (36.06) 


= 1.380 TBORESH 01) — | 
| 305 (7.75) 
285 (7.24) 


PIN #1 
IDENTIFY 


-| .005 (.127) MIN 
.060 (1.52) 
040 (1.02) 160 (4.06) 


130 (3.30) 
175 (4.45) 
125 (3.18) 
090 (2.29) mi Ky fy 
110 (2.79)  .020 (.508) 060 (1.52) 
090 (2.29) 016 (.406) 045 (1.14) 


1.300 (33.02) REF 


012 (.305) 
008 (.203) a | 320 (8.13) at STANDOFF 


"300 (7.62) 


40B, 40 Lead, 0.600" Wide, Ceramic Side Braze 
Dual Inline (Side Braze) 

Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-5 CONFIG C 


2.020 (51.31) 


| ; qe as (50.29) | 
; 605 (15.4) 
585 (14.9) 


PIN #1 
IDENTIFY 


.005 (.127) MIN 
160 (4.06) 
130 (3.30) 
175 (4.45) 
125 (3.18) 


110 (2.79)  .020 (508) .060 (1.52) 
090 (2.29) .016(.406) .045 (1.14) 


1.900 (48.26) REF 


012 (.305) 


012 (. 620 (15.7) aT STANDOFF 
06 (203) {| 590 (15.0) 


17-6 Packages 


32B, 32 Lead, 0.600" Wide, Ceramic Side Braze 
Dual Inline (Side Braze) 

Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-16 CONFIG C 


1.620 (41.15) 


| 1.580 (40.13) . | 


605 (15.4) 
585 (14.9) 


PIN #1 
IDENTIFY 


a .005 (.127) MIN 


120 (4.06) 
+ 3 175 75 (4.45) 
125 (3.18) 


4 


110 (2.79)  .020 (.508) 
090 (2.29)  .016 (.406) 


1.500 (38.10) REF 


rd 


012 (.305) 
ape 820 (15.7) at STANDOFF 
-008 (. | 590 (15.0) 


24C, 24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 F-6 CONFIG A 

MIL-STD-1835 F-16 CONFIG A 

JEDEC OUTLINE MO-019 AA 


.370 (9.40) 


250 (6.35) 
019 (.483) 
{015 (381) 
| ! 
.050 (1.27) BSC 
.628 (16.0) a 
‘588 (14.9) ——F 


| r .045 (1.14) MAX 


391 (9.93) wd = 


365 (9.27) 


006 (.152) 090 (2.29) 


004 (.102) | {__.060 (1.52) 
qo 
044 (1.12) | | 


.026 (.660) 


24CW, 24 Lead, Windowed, 

Ceramic Flat Package (Cerpack) 
Dimensions in Inches and (Millimeters) 
JEDEC OUTLINE MO0-019 AA 


.370 (9.40) 
250 (6.35) 


.019 (.483) 


f .015 (381) 


= f 
SS .050 (1.27) BSC 
———— an 
tin | 

— 045 (1.14) MAX 
=———— a 


.391 (9.93) 
365 (9.27) 


006 (.152) 
004 (.102) 095 (2.41) 


LO 


026 (.660) 


24D3, 24 Lead, 0.300" Wide, Non-Windowed 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-9 CONFIG A 


1.28 (32.5) 
1.24 (31.5) ra 
| 310 (7.87) 


a 098 (2 49) 
me) 100 (27.94) ner——z| 


nae te 


Tay BH to 060 (1.52) 


(015 (.381) 


.023 (.584) 
ave (.356) 


.200 (5.08) 
MAX 


SEATING 
PLANE 


.200 (5.08) 
425 (3.18 

_ 1.65 
mE 14) 


.325 (8.25) 
.300 (7.62) 


|__| .400 (10.2) MAX 


110 (2.79) 
(090 ee 29) 


015 (.381) 
.008 (.203) 


AIMEL 


16D3, 16 Lead, 0.300" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-2 CONFIG A 


310 (7.87) 
"285 (7.24) 
085 (1.65) 
| 0.700(17:78) nero = 


.200 (5.08) .005 (. aT 
MAX 


SEATING 
PLANE 


175 (4. ‘ 
425 (3.18) 


.055 (1.40) 


4 LC in ae ' 2 


-060 (1.52) .014 (.356) 
ean (1.14) 


320 (8.13) 
; “| 290 (7.37) 
0 REF 

—/ 15 


110 es 
Oe 


015 (.381) 
.008 (.203) 


.400 (10.2) MAX 


24D6, 24 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-3 CONIFG A 


1.29 (32.8) 
a. 24 (31 3 Pa 


iamic 


= .098 os Ln 


an A, 


Tap e+ i 060 (1.52) 


015 (.381) 


023 (.584) 
= 4 are 356) 


610 (15.5) 
510 (13.0) 


1.100 (27.94) igo 
225 (5.72) 
MAX 


SEATING 
PLANE 


.200 (5.08) 
125 (3.18) 
- 065 (1.65) 


ea 14) 


[seo (15.7) 


110 (2.79) 
ree 


590 (15.0) 


015 (.381) 


.008 (.203) 
oe .700 (17.8) MAX 
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28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-10 CONFIG A 


1.49 (37.9) _ 
Co .44 (36.6) 


iiamic 


Lae 300 (33.02) ener 
005 (.127) 
225 (5.72) 
MAX MIN. 


a- 


| | | | | | 960 (1.52) 
aa | f La 
06s (1.65) 023 ( (584) 


045 (1. 14) .014 (.356) 


610 (15.5) 
510 (13.0) 


.098 (2.49) 


SEATING 
PLANE 


110 (2.79) 
ores 


.590 (15.0) 


= (15.7) 


015 (.381) 


.008 (.203) 
———o .700 (17.8) MAX 


40D6, 40 Lead, 0.600" Wide, Non-Windowed, 
Cermic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-5 CONFIG A 


2.09 (53.1) 
Pp 04 (51 3m 


rmniCs 


Ls .900 (48.26) REF 
.225 (5.72) 005 (. > 27) 


MAX 
SEATING ao 


PLANE 
.060 (1.52) 


8 | . 4p LL, acre 
125 (3.18) 023 (.584) 
065 (1.65) 
045 (1.14) O14 (356) 
.620 (15.7) 
[7590 (15.0) ; 
Fe REF 

015 (.381) -_. 


008 (.203) 
— 700 (17.8) MAX 


610 (15.5) 
570 (14.5) 


.098 (2. | 


.110 (2.79) 
fone 
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32D6, 32 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-16 CONFIG A 


1.68 (42.7) 
rc 64 (41 7 Pa 


= 


1.500 (38.10) fie 
ae (.127) 
225 (5.72) 
MAX Ban, 


610 (15.5) 
570 (14.5) 


.098 (2. a 


SEATING 
PLANE 


.200 (5.08) 
rear 18) 


110 (2.79) 
090 Pye 29) 


.060 (1.52) 
ery 


.023 (.584) 


° LSS san (.356) 


ar 14) 


[sec (15.7) 


590 (15.0) 


0 
O REF 
45 RE 


oa 


700 (17.8) MAX 


015 (.381) 
008 (.203) 


24DW3, 24 Lead, 0.300" Wide, Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-9 CONFIG A 


1.28 (32.5) 
1.24 (31 3) 


Fa 
.310 (7.87) 
285 (7.24) 


098 (2.49) 
MAX. 


.005 (. te 


re 
2s 


SEATING 


PLANE 
060 (1.52) 


rer 5 | aL 015 (381) 
1 4 
065 (1.65) fa) 


Ecarert 14) a a 


.320 (8.13) 
= (7.37) 


© REF 
15 


110 (2.79) 
Sea 


015 (381) 


.008 (.203) 
[4.400 (10.2) MAX 


(om 5 eee tea AS i a A a ca aa 


24DW6, 24 Lead, 0.600" Wide, Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-3 CONFIG A 


1.29 (32.8) 
| 1.24 (31.5) PIN | 
a anhels : 


610 (15.5) 
510 (13.0) 


.098 (2.49) 
L 1.100 (27.94) REF = MAX. 


es (5. p72 54 4, 
SEATING 
PLANE .060 (1.52) 
5090 .015 (.381) 
125 (3.18) 
_ 1.65 023 (.584) 
045 (1. TaERT I ~ san 
110 on 
090 ner 29) 
620 (15.7) 
520 15.0) 
0 
=, REF 
015 (.381) mas | 
.008 (.203) 


oe .700 (17.8) MAX 


32DW6, 32 Lead, 0.600" Wide, Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-16 CONFIG A 


1.68 (42.7) 
1.64 (41.7) 


610 (15.5) 
570 (14.5) 


att 


.098 (2.49) 


— 1.500 (38.10) REF = aid 


225 ae 72) 8 (. ‘ 27) 
SEATING 


PT ta 


.200 (5.08) 015 (.381 
125 (3.18) 023 ( 584) 


_ a 014 (.356) 


110 aH Baan 14) 


090 ao 29) ue 
590 (15.0) 


0 
° REF 
«RE 


015 (.381) Need | ew, 


.008 (.203) 
| | .700 (17.8) MAX 


Packages 


28DW6, 28 Lead, 0.600" Wide, Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-10 CONFIG A 


1.49 (37.9) 
1.44 (36.6) PIN 
| 1 


610 (15.5) 
510 (13.0) 


098 (2.49) 
L 1.300 (33.02) REF = mins 


.225 a 72) peer (. ar 
SEATING 
dain .060 (1.52) 
fr | .015 (.381) 
1 18 
.023 (.584) 
—_— ~ ss 
110 oH 
090 (2. ee 
620 (15.7) 
7500 15.9) ~| 
£ REF 
015 (.381) aaa | 
.008 (.203) — 


|}~+_____-] .700 (17.8) MAX 


40DW6, 40 Lead, 0.600" Wide, Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-5 CONFIG A 


2.09 (53.1) 
2.04 (51.8) 


.610 (15.5) 
570 (14.5) 


098 (2.49) 
L 1.900 (48.26) REF = MAX. 


225 Ae 72) - (. ‘ 27) 
SEATING 


= TET 


.200 (5.08) 015 (.381) 
125 (3.18) 023 (584) 


_ 014 aaah; 356) 


045 (1.14) 
0 REF 


620 (15.7) 
[7590 15.0) ~ | 
15 
015 (.381) ~ 


008 (.203) 
a 700 (17.8) MAX 


110 oo 79 
090 tod (eas 29) 
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28F, 28 Lead, Non-Windowed, 

Ceramic Bottom-Brazed Flat Package (Flatpack) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 F-12 CONFIG B 


.370 (9.40) 
"250 (6.35) 


.019 (.483) 


PIN #1 ID 


.728 (18.5) c—~ ———— r .050 (1.27) BSC 


712 (18.1) 


———— ne 


416 (10.6) _ 
384 (9.75) 
BOS (192) 119 (3.02) 


.004 (.102) { .087 (2.21) 
: 077 (1.96) _ ras 1 3 


sata, 045 (1.14) 
.286 (7.26) .026 (.660) 


.274 (6.96) 


28J, 28 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 
JEDEC OUTLINE MO-047 AB 


PIN NO. 1 .045 (1.14) X 30 - + 


_ (1.14)X45 — IDENTIFY 


‘ne 


4. 456 (11.6) 


032 (813) J 450 (11.4) 
“026 (.660) 
43 495 (12.6) 5 
485 ia 3) 
r 


.050 (1.27) TYP 
_-____——=| 309 2 oe 62) REF SQ 


oe 5) 


430 (10. 9) 


.390 i | 


.043 (1.09) 
a .020 (.508) 


.120 (3.05) 


.090 (2.29) 
.180 (4.57) 
165 (4.19) 
.022 (.559) X 45 *MAX (3X 
Senet es 
a 


17-10 Packages 


.045 (1.14) MAX 


32F, 32 Lead, Non-Windowed, 

Ceramic Bottom-Brazed Flat Package (Flatpack) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 F-18 CONFIG B 

JEDEC OUTLINE MO-115 


PIN #1 1D 
.370 (9.40) 


270 (6.86) 


as () ee ee 
as —— 019 (.482) 
— a 015 (.381) 


828 (21.0) 
‘812 (20.6) 


050 (1.27) BSC 


— L 04s (1.14) MAX 


.486 (12.3) 
474 (12.0) 


.120 (3.05) 


098 (2.49) 
| 004 (.101) : 
.365 (9.27) 


355 (9.02) .034 (.863) 
(026 (.660) 


.006 (.152) 


.072 (1.82 
(048 (1.22) 


32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 
JEDEC OUTLINE MO-052 AE 


045 (1.14) X45. PINNO. 1 025 (.635) X90 - 45 


IDENTIFY PP 2012 (.305) 
{4 008 (.203) 


he | mi 
ia 553 (14.0) = 
‘547 (13.9) 021 (.533) 


032 (.813 
Sate 595 (15.1) O19 (920) 
= jan = 530 (13.5) 
490 (12.4) 
T el 
.050 (1.27) TYP 030 (.762) 


reer ln | .300 (7.62) REF al 015 (381) 


.430 (10.9) 1095 (2.41) 
.390 (9.90) .060 (1.52) 
AT CONTACT POINTS .140 (3.56) 


120 (3.05) 
” nF 022 (.559) X 45 MAX (3X) 
453 (11.5) 5__| 
|_ as (11 9_ 
.495 (12.6) 


485 (12.3) 


PEE CERT ms ~~ ACKAGES 


44J, 44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 68J, 68 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) Dimensions in Inches and (Millimeters) 
JEDEC OUTLINE MO-047 AC JEDEC OUTLINE MO-047 AE 


: 045 (1.14) X 30-45 a 
045 (1.14)X 45 PINNNO. 1 O12¢ alae 045 (1.14) X 30 - 45 
IDENTIFY : 4 
7 .008 (. IDENTIFY 


mead 


656 (16.7 
650 (16.5) 


: . a 
one 032 (.813) ; 0211533 
‘026 (.660) : 95 (17. eq ; .026 (.660) .995 (25.3). 5 
685 He ao — i 50) : | jaan 0) "890 (22.6) 


043 (1.09) 
500 a 7) REF SQ ‘020 (.508) 050 (1.27) TYP 800 a sQ 020 (0.51) MIN 


120 (3.05) .130 (3.30) 


.090 (2.29) 090 (2.29) 

eee) .200 (5.08) 

165 (4.19) -165 (4.19) 
= once 022 (.559) X 45 MAX (3X) .020 (0.51) X 45 MAX (3X) 


.050 (1.27) a 


84J, 84 Lead, Plastic J-Leaded Chip Carrier (PLCC) 32K, 32 Lead, Non-Windowed, 
Dimensions in Inches and (Millimeters) Ceramic J-Leaded Chip Carrier (JLCC) 
JEDEC OUTLINE MO-47 AF Dimensions in Inches and (Millimeters) 


‘ aL aalaoedll 
045 (1.14) X 45 


din 
PIN NO. 1 


: 012 (.305) | 
IDENTIFY “008 (152) 
is 565 (14.4) 
032(813) | ‘545 (13.8) 
026 (.660) 
032 (.813)] 7 2022 (.559 i 


.026 (.660) , | est 30.4 
1.19 ake oy 
020 (0.51) MIN |_-_—- .200 (7.62) ner 027 (.686) 


.050 (1.27) Ls rrentberenpatn | 1.00 REF SQ 
popel .430 (10.9) 103 (2.62) 


a (2.29) -390 (9.90) .073 (1.85) 

200 (5.08) AT CONTACT POINTS 167 (4.24) 

165 (4.19) 140 (3.56) 
Sencar .020 (0.51) X 45 MAX (3X) : : 


465 (11.8) .025 (.635) RADIUS MAX (3X) 
.445 (11 sa 


495 (12. a 
485 (12.3) 


045 4 hie 45 


ies {33 ba.7) 7 
1.09 (27. edi, 
050 (1.27) TYP Pree 


AIMEL 17-11 


AIMEL 


28KW, 28 Lead, Windowed, 

Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 C-J7 

JEDEC OUTLINE MO-087 AA 


035 (.889) X 45" 
010 (.254) 
006 (.152) 


_t 
me i 
021 (.533 


045 (1.14) X45. 
i: oe 
an 


1 A465 (11.8) 
032 (.813) | — 445 (11.3) 


026 (.660) C) 495 (12.6) 
x 485 (12.3) _ 
yp JL | 
.050 (1.27) TYP 


.300 (7.62) REF SQ 


— .025 (.635) RADIUS MAX (3X) 


44KW, 44 Lead, Windowed, 

Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 C-J1 


430 (10.9 
.390 (9.91 


045 (1.14) 
.035 (.889) 


120 (3.05) 
(090 (2.29) 


.180 (4.57) 
.156 (3.96) 


035 (.889) X 45° 
010 (.254) 
006 (.152) 


pane X45 
7 


sm 665 (16.9) 
032 (.813) | 


.026 (.660) C) .695 (17.7) 
a .685 (17.4) ‘i 
: Ji | 
.050 (1.27) TYP 


.500 (12.7) REF SQ 


— .025 (.635) RADIUS MAX (3X) 


.630 (16.0) 
590 (15.0) 


.045 (1.14) 
.035 (.889) 
.120 (3.05) 
.090 (2.29) 


.180 (4.57) 
156 (3.96) 


17-12 Packages 


32KW, 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions in Inches and (Millimeters) 


035 ( 889) X 45. 


010 (.254) 
i” -| 006 ( 152) 
7 
021 (533) 


045 (1.14) X 45 


L 


026 ( 660) 595 (15.1) a 
Hi 585 (149) 530 (135) 
490 (12 4) 
050 (1.27) TYP SL | 045 (1 14) 
|__| 300 (7.62) REF | | 027 (686) 
430 (10.9) 103 (2.62) 
390 (9.90) (073 (1 85) 

AT CONTACT POINTS 

167 (4 24) 
140 (3 56) 


025 (635) RADIUS MAX (3X) 


es 


485 (12.3) 


68KW, 68 Lead, Windowed, 

Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 C-J2 

JEDEC OUTLINE MO-087 AD 


035 (.889) X 45. 


040 X 45 010 (.254) 
a a al 006 (.152) 
T mi 
i” 965 (24.5)\o0 
.032 (.813) J .930 (23.6) 021 (. 
O28 .C} 995 (25.3) 69 . . 
‘985 (25.0) 
890 (22 6) 
: Ji | 045 (1.14) 
.050 (1.27) TYP 045 (1. 
= a 800 REF SQ 035 (.889) 
120 (3.05) 
090 (2.29) 
.200 (5.08) 
155 (3.94) 


\— .025 (.635) RADIUS MAX (3X) 


28L, 28 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 
MIL-STD-1835 C-4 


C 


.460 (11.7) 
442 (11.2) 


430 (10.9) 095 (2.41) 
380 (9.65) 7 [7 ‘080 (2.03) 


.460 (11.7) .430 (10.9) 
442 (11.2) jal OL ae 
aos r 8) 
PIN 4 055 (1.40) 
055 (1.40 
095 (2.41) _ |.045 (1. "if INDEX CORNER 
‘075 (1.91 
025 (.635) y 4s" 
| tee 
012 (.305) Ranius 
.300 (7.62) BSC 4-007 (.178) 
T .029 (.737) 
4 021 (533) 
.050 (1.27) TYP L040 (1.02) x 45° 


085 (2.16) 


.300 (7.62) BSC 065 (1.65) 


*Ceramic lid standard unless specified. 


44L, 44 Pad, Non- Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 
MIL-STD-1835 C-5 


662 (16.8) 
640 (16.3) 
{600 (15.2) .108 (2.74) 
580 (14.7) 4 [7 <085 (2.16) 
.662 (16.8) 600 (15.2) I 
640 (16.3) ima ia “as 
iam J 
"eo one 50) 


.055 (1.40) 


095 (2.41) _|.045 (1.14) 7 INDEX CORNER 
075 (1.91 at 

“L_ -025 (.635) y 46" 

{ .015 (.381) 
(012 (.205) pemuye 
500 (12.7) BSC 4, 007 (178) 
T. .029 (.737) 
4, 021 (33) 
050 (1.27) TYP L040 (1.02) x 45° (3X) 


085 (2.16) 


500 (12.7) REF 065 (1.65) 


*Ceramic lid standard unless specified. 


AImEt 


Packages 


32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 


MIL-STD-1835 C-12 


.458 (11.6) 
police: 


100 (2.54) 
[~ “08s (2.16) 


: 91 
055 (1.40) 
1095 (2.41) _ | -045 (1.14) 
yan 91) 4 INDEX CORNER 
c ~~ .025 (.635) y 45° 
f .015 (.381) 
.012 (.305) 
| (78) RADIUS 


.400 me REF 
029 (.737) 
mn opr 


050 (1.27) wo 040 (1.02) X 45" (3X) 


.085 (2.16) 


.300 (7.62) pale 065 (1.65) 


*Ceramic lid standard unless specified. 


28LW, 28 Pad, Windowed, 

Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 
MIL-STD-1835 C-4 


nips 


.460 (11.7) 
T | 


.460 (11.7) 
442 (11.2) 


.430 (10.9) 
"380 (9.65) 


110 (2.79) 
7 [7 [095 (2.41) 


.070 (1.78) 
PIN 1 OB 11-40) .40) 
,055 (1.4 
.095 (2.41) _ |.045 (1. eri INDEX CORNER 
.075 (1.91 /i 


“L .025 (.635) y 45° 
t .015 (.381) 
012 (305) paniys 
.300 (7.62) BSC 4 -007 (.178) 
| T. .029 (.737) 
4, 021 (.533) 
.050 (1.27) TYP “1 LE 040 (1.02) x 45°(3x) 


085 (2.16) 


.300 (7.62) BSC (065 (1.65) 


*Cerar. ic lid standard unless specified. 
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32LW, 32 Pad, Windowed, 

Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 
MIL-STD-1835 C-12 


44LW, 44 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 


.458 (11.6) 
442 (11.2) 


115 (2.92) 
100 (2.54) 


1 


‘500 (12.7) 


PIN 1 


.055 (1.40) 
.095 (2.41) 045 (1.14) 


.075 (1.91) 


g 
- 
fl 


L 


«| 


.075 (1.91 
.059 (1.50) 


INDEX CORNER 


~~ T_ .025 (635) y 45° 


— 


.400 (10.2) REF 


“a ~ | = 


300 (7.62) REF 


=a 
Le eee 


.015 (.381) 


012 (.305) 
‘007 (178) PADIUS 


040 (1.02) X 45 | (3X) 


.085 (2.16) 
.065 (1.65) 


MIL-STD-1835 C-5 


rH 


-662 (16.8) 


.640 (16.3) | 


.095 (2.41 
.075 (1.91 


— 


500 (12.7) BSC 


.050 (1.27) TYP 


.500 (12.7) REF 


.662 (16.8) 
.640 (16.3) 


570 (14.5) 
‘540 (13.7) 


540 (13.7) 


PIN 1 


.055 (1.40) 
(045 (1.14) 


al 


“L .025 (.635) y 45° 
.015 (.381) 


012 (.305) paniys 
f .007 (.178) 


T. .029 (.737) 
4, 021 (.633) 


INDEX CORNER 


"1 © 040 (1.02) x 45° (3x) 


085 (2.16) 
065 (1.65) 


*Ceramic lid standard unless specified. 


32M1, 32 Lead, Non-Windowed, Ceramic Dual Inline 
32D6 Compatible LCC Module (Module) 
Dimensions in Inches and (Millimeters) 


= 


.600 (15.2) 
580 (14.7) 


.620 (15.7) 
‘600 (15.2) 


—— 1.500 (38.10) REF ———- 
1.616 (41.05) 


1.584 (40.23) 


.090 (2.29) 
(070 (1.78) 
.110 (2.79) 
(090 (2.29) 
.200 (5.08) 
.023 (.584) 125 (3.18) 
4 a 014 (356) 


.065 (1.65) 
040 (1.02) 


.100 TYP 


7 .085 (2.16) 
(070 (1.78) 


‘i .085 (2.16) 
1_l!_1 "070 (1.78) 


.015 (.381 


008 toa ts 610 (15.5) _.. 


590 (14.4) 
(AT STANDOFF) 


17-14 Packages 


*Ceramic lid standard unless specified. 


32M2, 32 Lead, Non-Windowed, Ceramic Dual Inline 
32D6 Compatible Flatpack Module (Module) 
Dimensions in Inches and (Millimeters) 


fonoooononnnoonnn nonnoonnoooonoon| fF 


.600 (15.2) 
580 (14.7) 


.620 (15.7) 
: t .600 (15.2) 


—— 1.500 (38.10) REF —_—_—-] 
1.667 (42.34) 


1.633 (41.48) 


a .385 (9.78) MAX 


.053 (1.35) 
(047 (1.19) 


012 (.305 
008 208) Ss) 


(AT STANDOFF) 


Packages 


8P3, 8 Lead, 0.300" Wide, 16P3, 16 Lead, 0.300" Wide, 
Plastic Dual Inline Package (PDIP) Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) Dimensions in Inches and (Millimeters) 


ees rH .790 (20.1) 
.740 (18.8) 


240 (6.10) 


— 037 (.940) 
027 (.690) 


.300 (7.62) REF -200 (5.06) .005 (.127) 
.170 (4.32) MAX | MIN. 


MAX 100 (2.54) BSC 
SEATING an 


SEATING A. PLANE 
070 (1.78) 


PLANE = a} 
015 (380) MIN -151 (3.84 il L LC .020 (.508) 


.195 (3.43) 125 (3. .023 (.584) 
.125 (3.18) 020 (.510) .014 (.356) 


.065 (1.65) .016 (.410) .065 (1.65) 
.055 (1.40) a (2ee Bee .040 (1.02) 


.325 (8.26) 8.13) 
is - | .300 (7.62) iran 


REF 


012 (.305)_ 0 is 
.008 (.203) ~~ ‘on a ed 


— -400 (10.2) MAX — .400 (10.2) MAX 


24P3, 24 Lead, 0.300" Wide, 28P3, 28 Lead, 0.300" Wide, 
Plastic Dual Inline Package (PDIP) Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) Dimensions in Inches and (Millimeters) 


1.27 (32.3) 1.47 (37.4) 
r .25 (31. 0a rc 44 (36. a 


rae 


owe 
= ieee REF 


005 (.127) 
MIN. | oak zn 


SEATING ee 


aroiioe PLANE 
( 070 (1.78) 
aa eee 


reach 151 (3.84 .020 (.508) 
125 (3.18 425 (3.18 .023 (.584) 
a (. SES 


rye) 
.065 (1.65 065 ( 
110 (2.79) pars -110 (2.79) ott a3) 
Bee yr ( ) 


.325 (8.26) .325 (8.26 
300 (7.62) 300 as 


oO 
7, REF 


.012 (.305) .012 (.305 ae 
.008 (.203) a 008 aa, — 


— 400 (10.2) MAX a 400 (10.2) MAX 
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AIMEL 


24P6, 24 Lead, 0.600" Wide, 
Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) 


1.27 (32.3) 
1.24 (31 2 an 


Tis 


— .090 (2.29 28) 
1.100 (27.94) REF 


566 (14.4) 
530 (13.5) 


.220 (5.59) 
a tr 005 (. se) 
SEATING 
— .065 (1.65) 
-161 (4.09) ETT (.381) 
125 TER 18) 022 ( 559) 
.065 (1.65) Ls pate 356) 
.110 (2.79) .041 (1.04) 
090 CES 29) 
.630 (16.0) 
500 (15.0) 
0 
« REF 
012 (.305) eo 
.008 (.203) 
.690 (17.5) 
--F eS) 
32P6, 32 Lead, 0.600" Wide, 
Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) 
1.67 (42.4) 
1.64 (41 7 eR 
566 (14.4) 
530 (13.5) 


= 


— .090 (2 23) 
1.500 (38.10) REF 


.220 (5.59) 005 127 
MAX i et aN 
SEATING PT TP, 
PLANE 
065 (1.65) 
164 4.09 015 (.381) 
aaiaie 022 (.559) 
- cots 
.110 (2.79) .041 (1.04) 
1090 (2.29) 
630 (16.0) 
590 (15.0) 
be REF 
012 (.305) 
008 (.203) 
| 690 (17.5) | 
.610 (15.5) 


17-16 Packages 


28P6, 28 Lead, 0.600" Wide, 
Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) 


p— 47 (37.3) 
1.44 (36. ny 


rime, 


+ .090 (2.29) 
1.300 (33.02) REF 


566 (14.4) 
530 (135) 


220 (5.59) 0081127 
MAX | -— ae 
SEATING x 
iain 065 (1.65) 
188] | Pe 
22 (.559) 
065 (1.65) re 
.110 (2.79) .041 (1.04) 
(090 (2.29) 
630 (16.0) 
590 (15. 0 
012(.305) 
008 (.203) al 
690 (17.5) 
-— 610 (15. 9 


40P6, 40 Lead, 0.600" Wide, 
Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) 


2.07 (52.6) 
Pp 04 (51 5a] 


Vac, 


-—.090 (229) 
1.900 (48.26) REF 


566 (14.4) 
530 (135) 


.220 (5.59) 
oe mal pees 


SEATING 
PLANE 


161 ea L 
.125 (3.18) 


110 (2.79) 
.090 (2.29) 


065 (1.65) 
kL. 015 (381) 
022 (.559) 


065 (1.65) 014 (.356) 


.041 (1.04) 


630 (1 6.0) 


012(.305) 
008 (.203) 


Solis) 


Packages 


100Q2, 100 Lead, Plastic Gull Wing Quad Flat 136Q, 136 Lead, Plastic Gull Wing Quad Flat Package 


Package (PQFP) (PQFP) 
Dimensions in Inches and (Millimeters) Dimensions in Inches and (Millimeters) 


.728(18.49) 1.246(31.65) 


PIN 11D 
.752(19.10) — 1.266(32.15) 


sQ 


,026(.66) BSC 1. = 
= 


009(0.22) 2 
016(0.41) ie ae 


1 | 


.0256(0.65) BSC 12 


546(13.87) 
; 556(14.12) 134(3.40) MAX a : 136(3.45) 
.004(0.10) er eee 
010(0.25) 


__||L_ 9391.99) _994/0.10) MIN 
055(1.40) 


160Q, 160 Lead, Plastic Gull Wing Quad Flat Package: 0 
(PQFP) P) 


Dimensions in Inches and (Millimeters) Dit ensions in Inches and (Millimeters) 


1.218(30.95 
JeO SS nn 


1. 1.4 
1.218(30.95) so PIN 11D 238(31.45) 


1.238(31.45) 
PIN 11D 


 008(0.20) 
: { .016(0.40) : Saens 
.0256(0.65) BSC 7 : = = .004(0.10) 


.012(0.30) 
.020(0.50) BSC 7 
— 


1.098(27.90) 
: 1.106(28.10) .127(3.22) 1.098(27.90) 
004(0.10) + 157(3.97) oe 4088.10) 127(3.22) 
008(0.20) 004(0.10) 157(3.97) 
004(0.10) NLR ena: 
_-||__ -025(0.65) = 008(0.20) CHUFEIUNAUTUNUGUNUN GURU AUTONSNUCUGUIONUIONNNTGTOTUNE 


.037(0.95) .020(0.50) al = .025(0.65) 
.037(0.95) 
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AIMEt 


28R, 28 Lead, 0.330" Wide, 
Plastic Gull Wing Small Outline (SOIC) 
Dimensions in Inches and (Millimeters) 


020 (. = 
014 (. 6) 


ct. | 494 (12.5) 
a ae ee .460 (11.7) 
PIN 11D 


.050 (1.27) BSC 


.728 (18.5) ie 
.708 (18.0) i 
f (2.29) 


Crema 


020 (.508) 
002 (.051) 


.013 (.330) 


050 (1.27) 
(037 (.940) 


882, 8 Lead, 0.200" Wide, 
Plastic Gull Wing Small Outline (EIAJ SOIC) 
Dimensions in Inches and (Millimeters) 


020 (.508) 
“- 012 (.305) 
[elelal i 


| .213(5.41)  .330 (8.38) 
PIN 11D .205 (5.21) ° .300 (7.62) 
Tul 


_. | .050 (1.27) BSC 


212 (5.38) 


.203 (5.16) 
080 (2.03) 
070 (1.78) 


013 (. nT 
.004 (.102) 


—— (REF .010 (.254) 


007 (.178) 
Ch 035 (.889) sco) _ 


020 (.508) 


17-18 Packages 


8S1, 8 Lead, 0.150" Wide, 
Plastic Gull Wing Small Outline JEDEC SOIC) 
Dimensions in Inches and (Millimeters) 


019 (.483) 
uw - 014 (.356) 


oe 1 a © 
157 (3. Fr serasy zucle .244 (6.20) 
pwr JL es) 81)  .230 (5.84) 


J —e .050 (1.27) BSC 


.196 (4.98) 
189 (4.80) 


068 (1.73) 
061 (1.55) 


010 (.254) —— } 


.004 (.102) 


— REF 010 (.254) 


.008 (.203) 
i 035 (. seo) __| 


016 (. oo) _ 


14S, 14 Lead, 0.150" Wide, 
Plastic Gull Wing Small Outline (SOIC) 
Dimensions in Inches and (Millimeters) 


.019 (.488) 
014 (351) oa 
LeIRIBeel 
58 (4.01) | .244 (6.20) 
PIN 11D Sam .230 (5.84) 


i lal 
. L .050 (1.27) BSC 


344 (8.74) 
338 (8.59) -068 (1.73) 


f .060 (1.52) 
at DP 
.010 (.249) } i 


.004 (.102) 


.010 (.249) 


wl 
__f 008 (191) 
c= .035 (.889) = st 


016 (.406) 


16S, 16 Lead, 0.300" Wide, 
Plastic Gull Wing Small Outline (SOIC) 
Dimensions in Inches and (Millimeters) 


020 (. =a —| 
013(. 300) 


fie 


414 (155) 
.397 — 


.299 (7.60) .420 (10.7) 


:291 (7.39) a 98) 


.050 (1.27) BSC 


105 (2.67) 


{ 092 (2.34) 
Armond — } 


.003 (.076) 


013 (.330) 
.009 (.229) 


050 (1.27) 
015 (.381) 


28S, 28 Lead, 0.300" Wide, 
Plastic Gull Wing Small Outline (SOIC) 
Dimensions in Inches and (Millimeters) 


020 (.508) 
013 (.330) 


lal 
.299 (7.60) .420 (10.7) 
.291 (7.39) .393 (9.98) 
PIN 11D 


.050 (1.27) BSC 


.714 (18.1) 


oa =a 7 .105 (2.67) 


.092 (2.34) 


saara —+ : 


003 (.076) 


013 (.330) 


ae 009 (.229) 


050 (1.27) 
015 (.381) 


Packages 


24S, 24 Lead, 0.300" Wide, 
Plastic Gull Wing Small Outline (SOIC) 
Dimensions in Inches and (Millimeters) 


020 (. == | 
013 (. 300) 


wm ben 
201 nia 
PIN 11D 


.050 (1.27) BSC 


ct. 7) 
ar 


616 (15.6) 
-105 (2.67) 


a { at 


ae ( ae 


050 (1.27) - + 
015 (.381) 


2882, 28 Lead, 0.300" Wide, 
Plastic J-Leaded Small Outline (SOIC) 
Dimensions in Inches and (Millimeters) 


.013 (.330 
009 oe a 


© REF 
8 


020 (508) 
013 (. =o | 


nal 
= ai 39) 
PIN 11D 


.050 (1.27) BSC 


347 (8.81) 
335 8.51) 


714 (18.1) 
‘696 (17.7) 


ARR 


.036 (.914) aoe | 


ee (.635) 


{ ae 


013 (.330) 


Sh = ___f 009(.228) 


“| aeressy 


ATMEL 


17-19 


AIMEL 


32S, 32 Lead, 0.440" Wide, 
Plastic Gull Wing Small Outline (SOIC) 
Dimensions in Inches and (Millimeters) 


020 (.508) 

.014 (.356) 
rT | 3) .564 (14.3) 
Sl 1) .546 (13.9) 

PIN 11D 
lal 
.050 (1.27) BSC 
.810 (20.6 


.115 (2.92) 


eimai. 105 (2.67) 


aininir(ain a 


011 (.279) } } 


004 (.102) 


013 (.318) 
__f 909231) 
aa 043 (1.08) * = —+ 
= > REF 023 (0.60) 


32T, 32 Lead, Plastic Thin Small Outline Package 
(TSOP) 
Dimensions in Millimeters and (Inches) * 


INDEX 
MARK 
18.5 (.728) 20.2 (.795) 
18.3 (.720) 19.8 (.780) 
- eS os 254 (.010) 
500 (.020) BSC -152 (.006) 
8.20 (.323) 
7.80 (307) ' 1.20 (.047) MAX 
150 (.006) | : 
000 (.000) 
0 
5 REF .200 (.008) 
.100 (.004) 
600 (.024) = L 
400 (0.16) 


*Controlling dimension: millimeters 


17-20 Packages 


28T, 28 Lead, Plastic Thin Small Outline Package 
(TSOP) 
Dimensions in Millimeters and (Inches) * 


INDEX 
MARK 


11.9(.469) 13.7 (.539) 
11.7(.461) 13.1 (.516) 


.650 (0.26) sl as ofa .270 (.011) 


.450 (0.18) 180 (.007) 


8.10 (.319) 1.25 (0.49) 


7.90 (.311) 1.05 (0.41) 


.200 (.008) : } 


.150 (.006) 


0 
5 REF -200 (.008) 


4+ _——————— Oar 
.700 (.028) ~ | 
.300 (.012) 


*Controlling dimension: millimeters 


40T, 40 Lead, Plastic Thin Small Outline Package 
(TSOP) 
Dimensions in Millimeters and (Inches) * 


18.5 (.728) 20.2 (795) 
18.3(.720) 19.8 (.780) 


7 luna 


500 (.020) BSC “152 (,006) 


10.10 (.398) 
9.90 (.390) 


| 
i 1.20 (.047) MAX 
| 
| 


150 (.006) _| 
000 (.000) 

oO | 
= REF 200 ( 008) | 
| 100 / 004} | 
700 (.028) = | 
500 (.200) 
| 
} 


*Controlling dimension: millimeters 


AN hE SS 


28U, 28 Pin, Ceramic Pin Grid Array (PGA) 
Dimensions in Inches and (Millimeters) 


30U, 30 Pin, Ceramic Pin Grid Array (PGA) 
Dimensions in Inches and (Millimeters) 


{540 (13.7) 


526 (13.4) .081 (2.06) 055 (1.40) 
.045 (1.14) 541(13.7) -101 (2.57) 
DIA .526 (13.4) .081 (2.06) .055 (1.40 


.023 (.584) 
.600 (15.2) LID .013 (.330) 


586 (14.9) 


DIA 


-637(16.2) LID 028 (28%) 
-623(15.8) 


123 (3.12) 


103 (2.62) PACKAGE 
BODY 
2072 (1.83) 
045 (1.14) PIN #1 IDENTIFIER 


1642 (16.3) 


.658 (16.7) 
‘642 (16.3) 


510 (13.0) 
490 (12.4) 


.100 (2.54) TYP 


.410 (10.4 


.390 (9.91) 


.100 (2.54) TYP 


410 (10.4 


390 (9.91) 


68UW, 68 Pin, Windowed, Ceramic 
Pin Grid Array (PGA) 
Dimensions in Inches and (Millimeters) 


32Z, 32 Lead, Non- Windowed, Ceramic Dual Inline 
32D6 Compatible Multi-Chip Module (MCM) 
Dimensions in Inches and (Millimeters) 


325 (8.26) 
INDEX MARK 3051778) RR 
1.18 145 (3.68 j 
.125 (3.18) -800 (15.2) 
055 (1.40) 580 (14.7) 
.045 (1.14) .650 (16.5) 
DIA 620 (15.7) 
020 (.508 
016(.40) | | SSS ees ooo eo 
LID ted |+_— 1.500 (38.10) REF ————=| 
1.630 (41.40) 
1.570 (39.88) 
PACKAG - 
270 (6.86 
iain 008 REF eae) 
- 4140 (3.56) fo 0401.02) MIN 
120 (3.05) — 
INDEX MARK 055 (1.40) 125 (3.18) 
234567891011 a ah 1921 (533) || 
A| rrr i a dll 100 (2.54) TYP sed aaa 
Bi COOOOOOOOOG .055 (1.40) 
c| ©O © .045 (1.14) 
D 
E 
F 
= 1.000 TYP 
4 © 
J © 
K| POOOOOOO0O90® ee 
L| | POOOVOO OG .013 (.330XAT STANDOFF) 
100 (2.54) TYP 009 (.229) 


AIMEL 17-21 
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MMC ene PACKAGES 


Thermal Characteristics of Atmel Packages 


The thermal performance of the semicon- 
ductor package is a very important consider- 
ation for the board designer. The reliability 
and functional life of the device is directly 
related to its junction operating temperature. 
As the temperature of the device increases, 
the stability of its junctions decline, as does 
its reliable life. The thermal performance is 
also important to the board design, because 
it may limit the board density, or dictate the 
board location of high power-dissipating de- 
vices, Or require expensive cooling methods 
for the system. As devices have become 
more complex and boards have become 
denser, the need to account for the thermal 
characteristics of packages has shifted from 
being a minor consideration to being a nec- 
essary consideration. 


The thermal performance of a package is 
measured by its ability to dissipate the 
power required by the device into its sur- 
roundings. The electrical power drawn by 
the device generates heat on the top surface 
of the die. This heat is conducted through 
the package to the surface and then trans- 
ferred to the surrounding air by convection. 
Each heat transfer step has a corresponding 
resistance to the heat flow, which is given 
the value 0, the thermal resistance coeffi- 
cient. Subscripts are added to the coefficient 
to specify the two points that the heat is 
transferred between. Commonly used coef- 
ficients are 8y4 (junction to ambient air), 
8jc (junction to package case), and ®cA 
(case to ambient air). 


An electrical analogy can be made, as 
shown in the figure below, to illustrate the 
heat flow of a package. The heat transfer can 
be characterized mathematically by the fol- 
lowing equation, 


Tj -Ta=P x Oya 

where, 

P = Device operating power [watts] 
Tj = Temperature of a junction on the 


device [ C ] 
Temperature of the surrounding 
ambient air [ C ] 


Ta 


Two conclusions can be made after examin- 
ing this analogy. First, the lower the value of 
Oya, the better the heat dissipation of the 
package. Secondly, the value of @ya is di- 
rectly dependent upon both the conductive 
(®sc) and convective (6ca) properties of the 
package. 9jc is a function of the package 
material, the adhesion between the package 
materials, and device size. 8ca is a function 
of the package size and configuration, pack- 
age mounting method, and air flow across 
the package. Lower @ja values can be 
achieved by specifying ceramic packages 
instead of plastic packages, choosing larger 
packages, or improving air flow across the 
package. 


The thermal resistance values of Atmel 
standard packages are listed on the follow- 
ing page. The figures shown are maximum 
values for 8, typical values are lower depen- 
dent upon the device type. 


AIR 


HEAT FLOW 


AIMEL 


Thermal 
Specifications 


17-23 


6a [ “C/W ] 
Airflow = 0 ft/min Airflow = 100 ft/min Airflow = 500 ft/min 

Ceramic DIP 24D3/DW3 

24D6/DW6 

28D6/DW6 

32D6/DW6 

40D6/DW6 
Plastic DIP 


Leadiess 
Chip Carrier 
(LCC) 


Plastic Leaded 
Chip Carrier 
(PLCC) 


J-Leaded 
Chip Carrier 
(JLCC) 


17-24 “OOMMQOS  asasamamaemmenecnaeneammeniemnes sanuumElmmERRUARRERTES 


North America 


Northeast 

300 Granite Street 
Suite 106 

Braintree, MA 02184 
TEL (617) 849-0220 
FAX (617) 848-0012 


Southeast 

807 Spring Forest Road 
Suite 700 

Raleigh, NC 27609 
TEL (919) 850-9889 
FAX (919) 850-9894 


North Central 

1721 Moon Lake Boulevard 
Suite 103 

Hoffman Estates, IL 60194 
TEL (708) 310-1200 

FAX (708) 310-1650 


South Central 
17304 Preston Road 
Suite 720 

Lock Box 33 

Dallas, TX 75252 
TEL (214) 733-3366 
FAX (214) 733-3163 


Atmel Sales Offices 


North America (cont’d) 


Northwest 

2125 O’Nel Drive 
San Jose,CA 95131 
TEL (408) 436-4270 
FAX (408) 436-4314 


Southwest 

100 Pacifica 

Suite 340 

Irvine, CA 92718 
TEL (714) 727-3762 
FAX (714) 727-3763 


Europe 


United Kingdom 

Atmel U.K., Ltd. 

Coliseum Business Centre 
Riverside Way 

Camberley, Surrey GU15 3YL 
England 

TEL (44) 276-686677 

FAX (44) 276-686697 


Germany 

Atmel GmbH 
Ginnheimer Str. 45 
6000 Frankfurt 90 
Germany 

TEL (49) 69-7075910 
FAX (49) 69-7075912 


Asia 
Hong Kong 
Atmel Asia, Ltd. 


Room 1219, Chinachem Golden Plaza 


77 Mody Road, Tsimshatsui East 
Kowloon 

Hong Kong 

TEL (852) 7219778 

FAX (852) 7221369 


Japan 

Atmel Japan K.K. 

NT Building, 1-9-12 
Uchikanda,Chiyoda-Ku 
Tokyo, 101 

Japan 

TEL (81) 3-5259-0211 
FAX (81) 3-5259-0217 


Korea 

Atmel Korea, Ltd. 

Room 203, Sungrak Building 
682-2, Daelim-Dong 
Youngdeungpo-Gu, Seoul 
Korea 

TEL (82) 2-8421695 

FAX (82) 2-8417131 


Singapore 

Atmel Singapore Pte., Ltd. 
6001, Beach Road 

21-01 Golden Mile Tower 
Singapore 0719 

TEL (65) 299-9212 

FAX (65) 299-2891 


AIMEL 


Alabama 


Electronic Marketing Assoc. 


7500 S. Memorial Parkway 
Suite 215A 

Huntsville, AL 35802 
(205) 880-8050 


Arizona 
Quatra Associates, Inc. 


4645 South Lakeshore Drive, Suite 1 


Tempe, AZ 85282 
(602) 820-7050 


California 


ProMerge Sales, Inc. 
1737 North 1st Street 
Suite 510 

San Jose,CA 95112 
(408) 453-5544 


10120 Fair Oaks Boulevard 
Suite D 

Fair Oaks, CA 95628 
(916) 965-3255 


Harper & Strong 
2798 Junipero Avenue 
Signal Hill,CA 90806 
(310) 424-3030 


9845 Erma Road 

Suite 201 

San Diego, CA 92131 
(619) 549-5360 


Colorado 


Thorson Rocky Mountain 
7108 D South Alton Way 
Suite A 

Englewood,CO 80112 
(303) 773-6300 


Connecticut 


DELTA-CONN Technical Sales 


One Prestige Drive 
Suite 206 

Meriden, CT 06450 
(203) 634-8558 


Florida 


Component Design Marketing 
1900 S.W. 85th Avenue 

North Fort Lauderdale, FL 33068 
(305) 726-5444 


7616 Southland Boulevard 
Suite 103 

Orlando, FL 32809 
(407) 240-3903 


4502 West Elm Street 
Tampa, FL 33614 
(813) 886-9721 


Georgia 


Electronic Marketing Assoc. 
6695 Peachtree Industrial Boulevard 
Suite 101 

Atlanta,GA 30360 

(404) 448-1215 


lowa 


Dy-tronix, Inc. 

23 Twixt Town Road N.E. 
Cedar Rapids, IA 52402 
(319) 377-8275 


illinois 


Phase II Marketing 

2220 Hicks Road 

Suite 206 

Rolling Meadows, IL 60008 
(708) 577-9401 


Indiana 


Corrao Marsh, Inc. 
6211 Stoney Creek Drive 
Fort Wayne, IN 46825 
(219) 482-2725 


3063 West U.S. 40 
Greenfield, IN 46140 
(317) 462-4446 


Domestic Representatives 


Kansas 


Dy-tronix, Inc. 

5001 College Boulevard 
Suite 106 

Leawood, KS 66211 
(913) 339-6333 


1999 Amidon 

Suite 322 

Wichita, KS 67203 
(316) 838-0884 


Kentucky (Eastern) 


Luebbe Sales Company 
7260 Edington Drive 
Cincinnati, OH 45249 
(513) 530-0600 


Maryland 


Avtek Associates 

9030 Red Branch Road 
Columbia, MD 21045-2103 
(410) 740-5100 


Massachusetts 


Professional Componts Assoc. 
1049 East Street 

Tewksbury, MA 01876 

(508) 858-0100 


Michigan 


Trilogy Marketing Corp. 
1825 S. Woodard 

Suite 170 

Bloomfield Hills, MI 48302 
(313) 338-2470 


Domestic Representatives, cont'd 


Minnesota 


PSi 

800 Town Line Avenue S. 
Suite 206 

Bloomington, MN 55438 
(612) 944-8545 


Missouri 


Dy-tronix, Inc. 

3407 Bridgeland Drive 
Bridgeton, MO 63044 
(314) 291-4777 


Nevada (Northern) 


ProMerge Sales, Inc. 
3025 Alhambra Drive 
Suite 14 

Cameron Park,CA 95682 
(916) 676-2025 


Nevada (Southern) 
Quatra Associates, Inc. 


4645 South Lakeshore Drive, Suite 1 


Tempe, AZ 85282 
(602) 820-7050 


New Jersey (Northern) 


Northeast Components 
155 Grandview Lane 
Mahwah, NJ 07430 

(201) 825-0233 


New Jersey (Southern) 


Omni Sales, Inc. 
1016 Bethlehem Pike 
Erdenheim, PA 19118 
(215) 233-4600 


New Mexico 


Quatra Associates 

600 Autumnwood Place S.E. 
Albuquerque, NM_ 87123 
(505) 296-6781 
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New York 


Empire Technical Assoc. 
29 Fennell Street 

Suite A 

Skaneateles, NY 13152 
(315) 685-5703 


349 West Commercial Street 
Suite 2920 

E. Rochester, NY 14445 
(716) 381-8500 


Northeast Components 
155 Grandview Lane 
Mahwah, NJ 07430 

(201) 825-0233 


North Carolina 


Electronic Marketing Assoc. 
6600 Six Forks Road 

Suite 201 

Raleigh, NC 27615 

(919) 847-8800 


1319 Somersby Lane 
Matthews, NC 28105 
(704) 845-2236 


Ohio 
Luebbe Sales Company 
7260 Edington Drive 


Cincinatti, OH 45249 
(513) 530-0600 


Mad River Station 

2717 Miamisburg-Centerville Road 
Dayton,OH 45459 

(513) 438-0490 


246120 Detroit Road 
Suite 170 
Westlake,OH 44145 
(216) 899-0071 


Oregon 


Earl and Brown Co., Inc. 
7185 S.W. Sandburg Road 
Tirgard, OR 97223 

(503) 639-2100 


Pennsylvania (Eastern) 


Omni Sales 

1016 Bethlehem Pike 
Erdenheim, PA 19118 
(215) 233-4600 


Pennsylvania (Western) 


Luebbe Sales Company 
9800 McKnight Road 

Suite 200-B 

Pittsburg, PA 15237 

(412) 364-0490 


Texas 
Quad State Sales and 


Marketing 

8310 Capital of Texas Highway, North 
Suite 365 

Austin, TX 78731 

(512) 346-7002 


12160 Abrams Road 
Suite 406 

Dallas, TX 75343 
(214) 669-8567 


4606 FM 1960 West 
Suite 400 

Houston, TX 77069 
(713) 893-8585 


Utah 


Thorson Rocky Mountain 
1831 E. Fort Union Boulevard 
Suite 103 

Salt Lake City, UT 84121 
(801) 942-1683 


Virginia 

Avtek Associates 
Route 1 

Box 117 


Esmont, VA 22931 
(804) 295-1294 


Domestic Representatives, cont'd 


Washington Canada 
Earl and Brown Co., Inc. Clark-Hurman Associates 
2447-A 152nd Avenue N.E. 19 Donegani 
Redmond, WA 98052 Suite 5 
(206) 885-5064 Pointe Claire, Quebec H9R 2V6 
Canada 
Wisconsin (514) 426-0453 
Phase II Marketing 66 Colonnade Road 
11040 W. Bluemound Road Nepean, Ontario K2E 7K7 
Suite 211 Canada 
Wauwatosa, WI 53226 (613) 727-5626 
(414) 771-9986 
20 Regan Road 
Unit 14 
Brampton, Ontario L7A 1C3 
Canada 


(416) 840-6066 


Australia 


Braemac Pty., Ltd. 
Unit 6 

111 Moore Street 
Leichnardt, 2040 NSW 
Australia 

TEL (61) 2858-5966 
FAX (61) 2858-5085 


Austria 


Codico Gesmbh & Co. KG 


Muhlgasse 86-88 
A-2380 
Perchtoldsdorf 
Austria 

TEL (43) 222-862428 
FAX (43) 222-863257 


Belgium 


Acal Auriema 
Lozenberg 4 

1932 Zaventem 
Belgium 

TEL (32) 2-720-5983 
FAX (32) 2-725-1014 


Brazil 


Hastec 

Rua Ferreira Do Alentejo 
90-CEP 04728 

Sao Paulo SP 

Brazil 

TEL (55) 11-522-1799 
FAX (55) 11-247-9524 


Bulgaria 


Rila clo Nercom AG 
16 Boul. Bulgarosavetska 
Droubja 

Sofia BG1057 

Bulgaria 

TEL (359) 2707597 

FAX (359) 2700006 


Denmark 


Merel A/S 

Ved Klaedebo 18 
Post Boks 219 

DK - 2970 Horsholm 
Denmark 

TEL (45) 42-571000 
FAX (45) 42-572299 


Finland 


Komdel OY 

P.O. Box 51 
SF-02631 Espoo 
Finland 

TEL (358) 0-5023200 
FAX (358) 0-5-23294 


France 


Micro Puissance 
Immeuble Femto-1 

Avenue de Norvege 

Z.A. de Courtaboeuf B.P. 79 
91943 Les Ulis Cedex 
France 

TEL (33) 1-69071211 

FAX (33) 1-69076712 


Newtek 

8 Rue De L’Estrerel 
Silic 583 

94663 Rungis Cedex 
France 

TEL (33) 1-46872200 
FAX (33) 1-46878049 


Germany 


Ineltek GmbH 
Hauptstrasse 45 
D-7920 Heidenhiem 
Germany 

TEL (49) 7321-20077 
FAX (49) 7321-20079 


International Representatives 


Germany (cont’d) 


MSC Vertriebs GmbH 
Wormser Strasse 34 
D-6710 Frankenthal 
Germany 

TEL (49) 6233-26643 
FAX (49) 6233-25105 


Priissing-Strasse 25 
O0-6905 Jena-Géschwitz 
Germany 

TEL (37) 3641-7688011 
FAX (37) 3641-7688011 


Bahnhofstrasse 65 
D-7250 Leonberg 
Germany 

TEL (49) 7152-26031 
FAX (49) 7152-26585 


Berg-am-Laim-Strasse 147 
D-8000 Miinchen 80 
Germany 

TEL (49) 89-4361046 
FAX (49) 89-4312426 


Bahnstrasse 6 

D-6200 Wiesbaden 32 
Germany 

TEL (49) 611-718093 
FAX (49) 611-761938 


MSC Vertriebs GmbH 
K6nigstrasse 14 

D-4050 Monchengladbach 2 
TEL (49) 2166-46071 

FAX (49) 2166-61920 


Silcom Electronics Vertriebs 


Hindenburgstrasse 284 
D-4050 Moenchengladbach 1 
Germany 

TEL (49) 2161-15074 

FAX (49) 2161-183313 


International Representatives, cont'd 


Hungary 


Nercom Informatik KFT 


Dozsagy. U.6 


H200 Szentendre, Budapest 


Hungary 
TEL (36) 2610433 
FAX (36) 2610521 


Nercom AG 
Kiralylaki, UT. 30 
Budapest 

TEL (36) 118-03252 


israel 


Unitech, Ltd. 
Rechov Maskit 1 

P.O. Box 2123 

Herzlia 46120 

Israel 

TEL (972) 52-576-006 
FAX (972) 52-576-790 


Italy 


Lasi Electtronica S.p.A. 


Viale Fulvio Testi 280 
20126 Milano 

Italy 

TEL (39) 2-66101370 
FAX (39) 2-66101385 


CEFRA S.p.A. 


Centro Direzionale Lombardo 


Edificio B 

Via Roma, 108 

20060 Cassina de’ Fecchi 
Italy 

TEL (39) 2-9530-2777 
FAX (39) 2-9530-2788 


Viale Marconi, 40 

10090 Romano Canavese 
Italy 

TEL (39) 125-713689 
FAX (39) 125-713689 
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Japan 


Kanto Electronics Corp. 
Shinkanda Bldg. 

15-2 Sotokanda 

2-Chome 

Chiyoda-Ku, Tokyo 101 
Japan 

TEL (81) 3-3257-6255 

FAX (81) 3-3253-3658 


MCM Japan 
Syuukaen Bldg., 2-11-1 
Komazawa 
Setagaya-Ku,Tokyo 154 
Japan 

TEL (81) 3-3487-8477 
FAX (81) 3-3487-8825 


Tama Sales Office 

R Court Bldg., 446-2 
Ichinomiya, Tama 
Tokyo 206 

Japan 

TEL (81) 423-72-8600 
FAX (81) 423-72-8603 


Sumisho Electronics Devices 
Eisen Iwamoto Bldg. 

2-8-8, Iwamoto-cho 

Chiyoda-Ku, Tokyo 101 

Japan 

TEL (81) 3-5399-5951 

FAX (81) 3-5399-5954 


Nagoya Branch 

River Park Marunouchi Bldg. 
3-6-4, Marunouchi 

Naka-Ku, Nagoya 460 

Japan 

TEL (81) 52-953-1291 

FAX (81) 52-953-1296 


Osaka Branch 

Etanal Honmach Kuono Bldg. 
3-2-14, Azuchimachi 
Chuo-Ku, Osaka 541 

Japan 

TEL (81) 6-263-5131 

FAX (81) 6-263-5128 


Japan (cont’d) 


Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 

Shinjyuku-Ku 

Tokyo 160 

Japan 

TEL (81) 3-3355-6695 

FAX (81) 3-3357-5034 


Fukoku Seimei Bldg., 
2-4, Komatsubara-Cho 
Kita-Ku, Osaka 530 
Japan 

TEL (81) 6-313-0671 
FAX (81) 6-313-3380 


Korea 


D & S Corporation 

2nd Floor, Yoo Jung Bldg. 
183-2, Poyi-Dong, Kangnam-Gu 
Seoul 135-260 

Korea 

TEL (82) 2-5754490 

FAX (82) 2-5766811 


Netherlands 


Acal Auriema 
Beatrix de Rijkweg 8 
5657 EG Eindhoven 
Netherlands 

TEL (31) 40-502602 
FAX (31) 40-510255 


Norway 


BT Hightech A/S 
PO Box 190 

2020 Skedsmokorset 
Norway 

TEL (47) 6-879330 
FAX (47) 6-879000 


International Representatives, cont'd 


Portugal 


Anatronic - Portugal S.A. 
Rua de Entrecampos 52 R/C ESQ. 
1700 Lisboa 

Portugal 

TEL (351) 1-7933299 


Singapore 


Hamilton Electronics Pte., Ltd. 
No-9 Howard Road 

SF, TAT Hong Industrial Bldg. 

1336 Singapore 

TEL (65) 283-7828 

FAX (65) 283-7929 


Spain 


Anatronic S.A. 
AVDA. De Vallaolio 27 
28008 Madrid 

Spain 

TEL (34) 1-542-44-55 
FAX (34) 1-559-69-75 


Bailen 176 Entresuelo 1A 
08037 Barcelona 

Spain 

TEL (34) 3-258-19-06 
FAX (34) 3-258-71-28 


Sweden 


Lagercrantz Keltech AB 
Box 981 S-191 29 Sollentuna 
Besoksadress: Kung Hans Vag 3 
Rotebro 

Sweden 

TEL (46) 88620693 

FAX (46) 87544709 


Switzerland 


Anatec AG 
Sumpfstrasse 7 

CH 6300 

ZUG 

Switzerland 

TEL (41) 42-412441 
FAX (41) 42-413124 


Taiwan 


Allreach GCH 

6F, No. 50-1 

Sec. 1 

Hsin Sheng S. Road 
Taipei, Taiwan 

R.O.C. 

TEL (886) 2-321-4229 
FAX (886) 2-321-5849 


Neolec International, Inc. 

3F-1 NO. 166 Keelung Road, Sec. 2 
Taipei 

Taiwan, R.O.C. 

TEL (886) 2-736-9973 

FAX (886) 2-736-9965 


Princeton Technology Corp. 
2F, No.233-1, Bao Chiao Road 
Hsin Tien, Taipei Hsien 

Taiwan, R.O.C. 

TEL (886) 2-917-8856 

FAX (886) 2-917-3836 


Prospect Technology 

5F, NO. 348, Pai-Ling Sth Road 
Taipei, Taiwan 

R.O.C. 

TEL (886) 2-820-5353 

FAX (886) 2-820-5731 


United Kingdom 
GD Technik, Ltd. 


Tudor House 

24 High Street 
Twyford, Berks 
RG109AG 

England 

TEL (44) 734-342277 
FAX (44) 734-342896 


Impulse Electronics 
Unit 11A 

Vestry Estate 

Sevenoaks, Kent TN1 5EU 
England 

TEL (44) 732-743110 
FAX (44) 732-743121 


Pronto Electronic Systems, Ltd. 
City Gate House 

399-425 Eastern Ave. 

Gants Hill, Ilford, Essex IEZ 6LR 
England 

TEL (44) 815-546222 

FAX (44) 815-183222 
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AMIEL Please check the appropriate boxes and return this card (if outside the U.S., use an envelope). 
CRSA Co” 


My application is: 

First Name: 

Title: 

Company: 

Street Address: 

City: 

Country: 

Work Phone: ( ) 


1. Products manufactured 
at this location: 
(check one only) 
LJ Industrial / Instrumentation 
L]| Computers / Peripherals 
L] Data Communications 
L]} Telecommunications 
L] Government / Military 
_] Transportation 
L]} Consumer 
LJ Aerospace 
L] Medical 


Last Name: 


Mail Stop: 


State, Zip Code: 


Country Code: 


Fax: ( ) 


2. My principal job 
function Is: 

LJ General Management 

_] Engineering Management 

_] Design Engineering 

L_] Reliability / Quality 

LJ Manufacturing / Production 

L] Purchasing / Procurement 

LJ University 

LJ Other 


3. Check product areas of 
interest: 

L} EPROM 

L] Flash PEROM Memories 

CJ Parallel E7-PROM 

C1] Serial E-PROM 

L] SRAM 

L] Programmable Logic 

L] Gate Arrays 

LJ PC/AT Chip Sets 

LJ Mixed Signal Devices 

L] TAB / Wafer Bumping 
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AMIEL Please check the appropriate boxes and return this card (if outside the U.S., use an envelope). 
TERT RAD WaT” 


My application ts: 

First Name: 

Title: 

Company: 

Street Address: 

City: 

Country: 

Work Phone: ( ) 


1. Products manufactured 
at this location: 
(check one only) 
LJ Industrial / Instrumentation 
L] Computers / Peripherals 
LJ Data Communications 
L} Telecommunications 
L] Government / Military 
LJ Transportation 
L_] Consumer 
L] Aerospace 
LJ Medical 


Last Name: 


Mail Stop: 


State, Zip Code: 


Country Code: 


Fax: ( ) 


2. My principal job 
function is: 

LJ] General Management 

_] Engineering Management 

L] Design Engineering 

LJ Reliability / Quality 

LJ Manufacturing / Production 

[_] Purchasing / Procurement 

L] University 

L] Other 


3. Check product areas of 
interest: 

L}] EPROM 

L] Flash PEROM Memories 

C] Parallel E-PROM 

C] Serial EPROM 

L] SRAM 

L] Programmable Logic 

L] Gate Arrays 

L] PC/AT Chip Sets 

L] Mixed Signal Devices 

L] TAB / Wafer Bumping 
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Headquarters 
2125 O’Nel Drive 
San Jose, CA 95131 
TEL (408) 441-0311 
FAX (408) 436-4200 


Colorado Springs 
Operation 


1150 E. Cheyenne Mtn. Blvd. 
Colorado Springs, CO 80906 
TEL (719) 576-3300 
FAX (719) 540-1759 


Design Centers 
7240 Parkway Drive 

Suite 360 

Hanover, MD 21076 
TEL (410) 712-4950 

FAX (410) 712-4967 


2125 O’Nel Drive 

san Jose, CA 9513] 
TEL (408) 441-0311 
FAX (408) 436-4200 


1150 E. Cheyenne Mtn. Blvd. 
Colorado Springs, CO 80906 
TEL (719) 576-3300 
FAX (719) 540-1759 


66 Colonnade Road 
Nepean, Ontario K2E 7K7 
Canada 

TEL (613) 727-5626 

FAX (613) 727-1707 


Atmel U.K., Ltd. 
Coliseum Business Centre 
Riverside Way 
Camberley, Surrey 
England GU15 3AQ 

TEL (44) 276-680677 
FAX (44) 276-680697 


Domestic Corporate 
Sales Offices 


Northeast 

300 Granite Street 
Suite LO6 

Braintree, MA 02184 
TEL (617) 849-0220 
FAX (617) 848-0012 


Southeast 

807 Spring Forest Road 
Suite 700 

Raleigh, NC 27609 
TEL, (919) 850-9889 
FAX (919) 850-9894 


North Central 

1721 Moon Lake Blvd. 
Suite 103 

Hoffman Estates, IL 60194 
TEL (708) 310-1200 
FAX (708) 310-1650 


South Central 

17304 Preston Road 
Suite 720 

Lock Box 33 

Dallas, TX 75252 
TEL (214) 733-3366 
FAX (214) 733-3163 


Northwest 

2125 O’Nel Drive 
san Jose, CA 95131 
TEL (408) 436-4270 
FAX (408) 4360-4314 


Southwest 

100 Pacifica 

Suite 340 

Irvine, CA 92718 
TEL (714) 727-3762 
FAX (714) 727-3763 


International Corporate 


Sales Offices 


United Kingdom 

Atmel U.K., Ltd. 
Coliseum Business Centre 
Riverside Way 


Camberley, Surrey GU15 3YL 


England 
TEL (44) 276-686677 
FAX (44) 276-686697 


Germany 

Atmel GmbH 
Ginnheimer Strasse 45 
6000 Frankfurt 90 
Germany 

TEL (49) 69-7075910 
FAX (49) 69-7075912 


Hong Kong 

Atmel Asia, Ltd. 

Room 1219 

Chinachem Golden Plaza 
77 Mody Road 
Tsimshatsui East 
Kowloon 

Hong Kong 

TEL (852) 7219778 

FAX (852) 7221369 


Japan 


Atmel Japan K.K. 

NT Building 1-9-12 
Uchikanda, Chiyoda-Ku 
Tokyo 101 


Japan 


TEL (81) 3-3259-0211 
FAX (81) 3-5259-0217 


Korea 

Atmel Korea, Ltd. 

Room 203 

Sungrak Building 

682-2, Daelim-Dong 
Youngdeungpo-Gu, Seoul 
Korea 

TEL (82) 2-8421695 

FAX (82) 2-8417131 


Singapore 

Atmel Singapore Pte., Ltd. 
6001 Beach Road 

21-01 Golden Mile Tower 
Singapore 0719 

TEL (65) 299-9212 

FAX (65) 299-2891 


© 1993 Atmel Corporation 
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